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ABSTRACT
The uncharged  p o ly m ers , PHEG [po ly (N ^- oj- h y d ro x y e th y 1 -L - 
g lu ta m in e ) ] ,  PHPG [p o ly  (N ^-to -h y d ro x y p ro p y l-L -g lu tam in e) ] ,  PHBG 
[p o ly (N ^ -m -h y d ro x y b u ty l-L -g lu ta m in e )] and th e  uncharged  o lig o m er 
Ac(Ala)gOMe ( A c e ty l -L - a la n y l-L -a la n y l -L -a la n in e  m e th y l e s t e r )  have 
been  used  to  i n v e s t i g a t e  s a l t  e f f e c t s  on h e l i x - c o i l  t r a n s i t i o n s .
The m easurem ent o f  th e  e l l i p t i c i t y  a t  222 tun was used  to  c a lc u la te  
f r a c t i o n  h e l i x .  The e l l i p t i c i t y  a t  222 nm o f th e  c o m p le te ly  h e l i c a l  
p e p t id e  was assumed from  th e  e l l i p t i c i t y  o f  p o ly -L -g lu ta ra ic  a c id  a t  
low  pH and low te m p e ra tu re . The e l l i p t i c i t y  a t  222 nm o f th e  
c o m p le te ly  c o i l  p e p t id e  was e s t im a te d  from  th a t  o f  Ac(Ala)^OMe. The 
s a l t s  employed w ere NaClO^ and C aC ^ - PHEG i s  a random c o i l  in  
w a te r ,  w h ereas  PHBG i s  m o s tly  h e l i x  a t  low te m p e ra tu re s .  PHPG has 
in te r m e d ia te  h e l i x  c o n te n t  ra n g in g  from  23% to  2% i n  w a te r  from  5°C 
to  70°C, r e s p e c t iv e ly .  C i r c u la r  d ic h ro ism  was used  to  d e te rm in e  
f r a c t i o n  h e l i x .  At l e s s  th a n  2 M c o n c e n tr a t io n  NaCIO, h e l ix  
fo rm a tio n  was in d u ced  in  a l l  th r e e  po lym ers a t  a l l  te m p e ra tu re s  
i n v e s t i g a t e d .  At h ig h e r  c o n c e n tr a t io n s  th e  h e l i x  was d e s ta b l iz e d .  
CaCl^ d e s t a b l i z e s  th e  a - h e l i x  a t  low a c t i v i t i e s .  At h ig h  a c t i v i t i e s  
th e  a - h e l i x  i s  s t a b i l i z e d  and a t  a c t i v i t i e s  above 30 m, m easu rab le  
a - h e l i x  i s  o b se rv e d . The e l l i p t i c i t y  o f  Ac(Ala)^0M e p ro v id e d  th e
viii
e s t im a t io n  o f  e l l i p t i c i t y  o f  th e  random  c o i l  a t  v a r io u s  te m p e ra tu re s  
and s a l t  c o n c e n t r a t io n s .
The e f f e c t s  o f  SDS (sodium  d o d e c y l s u l f a t e )  on th e  ch arg ed  
p o ly m er, p o l y - L - h i s t i d i n e ,  and DA (d o d ecy lam in e) on p o ly -L -g lu ta m ic  
a c id  w ere  i n v e s t i g a t e d .  The d e te r g e n ts  cau sed  c o i l  to  h e l i x  and c o i l  
to  o rd e re d  s t r u c t u r e  t r a n s i t i o n s  f o r  p o ly -L -g lu ta m ic  a c id  and p o ly -L -  
h i s t i d i n e ,  r e s p e c t i v e l y .  T hese  t r a n s i t i o n s  o c c u r re d  a t  d e te r g e n t  to  
r e s id u e  r a t i o s  n e a r  one .
The s a l t  e f f e c t  d a ta  w ere a n a ly z e d  u s in g  a  c u r v e f i t t i n g  
p rogram  em ploy ing  e q u a t io n s  g e n e ra te d  from  a Zimm-Bragg t r e a tm e n t  o f 
h e l i x - c o i l  t r a n s i t i o n s .  S ta n d a rd  Zimm-Bragg a n a l y s i s  o f  th e  d a ta  c o u ld  
n o t  p ro d u ce  a r e a s o n a b le  f i t  o f  th e  d a t a .  C o o p e r a t iv i ty  o f  b in d in g  
was in v o k ed  and p ro v id e d  e x c e l l e n t  ag reem en t w ith  th e  d a ta  and a 
p l a u s i b l e  e x p la n a t io n  o f  th e  s a l t  e f f e c t s  o b s e rv e d . The b in d in g  o f 
th e  s a l t s  to  th e  c o i l  p ro v ed  to  b e  n o n - c o o p e r a t iv e ,  w h ereas  b in d in g  
o f  NaClO^ to  th e  h e l i x  p ro v ed  to  be a n t i c o o p e r a t iv e  and th e  b in d in g  
o f  CaCl^ to  th e  h e l i x ,  c o o p e r a t iv e .
By u s in g  th e  m o d if ie d  e q u a t io n ,  b in d in g  c o n s ta n ts  o f  th e  s a l t s  
to  th e  h e l i x  and c o i l  r e s id u e s  w ere c a l c u l a t e d  f o r  PHEG, PHPG, and 
PHBG. The therm odynam ic f u n c t io n s  AH, AS, and AG f o r  th e  b in d in g  o f 
e ach  s a l t  to  th e  c o i l  and h e l i x  w ere  c a l c u la te d  from  th e  b in d in g  
c o n s ta n t s  a t  v a r io u s  te m p e ra tu re s .  The v a lu e s  o f  AH° and AS°, 
c a l c u l a t e d  f o r  NaClO^, a g re e d  w ith  r e p o r te d  v a lu e s  f o r  th e  b in d in g  o f 
SCN to  M ethem oglobin  A and showed th e  phenomenon o f  e n th a lp y -  
e n tro p y  co m p en sa tio n .
ix
A model f o r  th e  b in d in g  o f th e  s a l t s  to  th e  h e l ix  s u r fa c e  
i s  su g g es te d . T h is  model r e p r e s e n ts  th e  h e l ix  s u r fa c e  as  a  l a t t i c e  
to  which s a l t s  may b in d . I n te r a c t io n s  o f th e  s a l t  w ith  more th an  
one p o in t  on th e  l a t t i c e  le a d s  to  c o o p e r a t iv i ty . The amide d ip o le s  
in  th e  R -groups o f  th e s e  polym ers p ro v id e  a b in d in g  s i t e  which can 
i n t e r a c t  w ith  o th e r  b in d in g  s i t e s .
x
Chapter I
INTRODUCTION
P r o te in s  have num erous f u n c t io n s  in  th e  l i v i n g  o rgan ism . Many 
o f th e s e  f u n c t io n s  a re  r e a d i ly  a p p a r e n t ,  such  as  th e  s t r u c t u r a l  r o le  
p la y e d  by c o l la g e n  o f c o n n e c tiv e  t i s s u e  o r  k e r a t i n  o f  h a i r .  O ther 
p r o te in  f u n c t io n s  a re  more s u b t l e ,  f o r  exam ple, th e  f in e  c o n t r o l  o f 
m e tab o lism  by enzyme, c a r r i e r ,  s to r a g e ,  r e g u la to r y ,  horm one, and 
t r a n s p o r t  p r o t e i n s ,  o r  th e  r o l e  o f im m unoglobulins in  mammalian 
d is e a s e - d e f e n s e  sy stem s.
The one u n ify in g  f a c t o r  o f  p r o te in  fu n c t io n  i s  co n fo rm a tio n . 
Each o f  th e  p r o te in s  m en tioned  above w i l l  lo s e  i t s  fu n c t io n  i f  I t s  
c o n fo rm a tio n  i s  s i g n i f i c a n t l y  ch anged , a s  by d e n a tu r a t io n .  I n c re a s in g  
th e  te m p e ra tu re  o f a  p r o t e i n 's  en v ironm en t w i th in  th e  te m p e ra tu re  
ran g e  o f  l i q u i d  w a te r  i s  s u f f i c i e n t  to  d e n a tu re  m ost known p r o t e in s .  
Changes in  th e  s a l t  c o n c e n tr a t io n  o r h y d ro p h o b ic ity  o f  th e  s o lv e n t  
a re  c a p a b le  o f d e n a tu r in g  p r o t e i n s .  In  th e  m i l ie u  o f  th e  l i v i n g  
o rg an ism  p r o t e in s  a re  c o n s ta n t ly  fa c e d  w ith  p e r tu r b a t io n s  o f 
e n v iro n m e n t. P e r tu r b a t io n s  can be q u i t e  d r a s t i c ,  a s  when p ep sin o g en  
i s  s e c r e te d  i n t o  th e  stom ach lum en, o r  r a t h e r  s u b t l e ,  as  th e  e f f e c t  
o f  m in u te  c o n c e n tr a t io n s  o f c i t r a t e  on th e  a c t i v i t y  o f  phospho- 
f r u c to k in a s e  ( 1 ) .  The h ig h  c o r r e l a t i o n  o f  p r o te in  env ironm ent w ith  
c o n fo rm a tio n  and in  tu r n  f u n c t io n  i s  in d ic a t io n  f o r  a  s tu d y  o f  
e n v iro n m e n ta l f a c to r s  t h a t  a f f e c t  p r o te in  s t r u c t u r e .
1
2The s t r u c t u r e  o f  p r o t e i n s  h a s  been  d iv id e d  i n t o  p r im a ry , 
s e c o n d a ry , t e r t i a r y ,  q u a r t e m a r y  and r e c e n t l y  p e n t i a r y  c l a s s e s .  
P r im a ry  s t r u c t u r e  d e a ls  w ith  th e  amino a c id  makeup o f  p r o t e i n s .  
P r o t e i n s  a r e  composed o f  am ino a c id  u n i t s  l in k e d  to g e th e r  by amide 
bonds betw een c o n s e c u tiv e  a -am in o  and c a rb o x y l g ro u p s . The p rim ary  
s t r u c t u r e  i s  th e n  th e  seq u en ce  o f  amino a c id  r e s id u e s  o f  a  p r o te in  
l i s t e d  by c o n v e n tio n  from  th e  am ino to  carboxy  te rm in u s . The r e c u r ­
r i n g ,  r e g u la r  a rran g em en t o f  a d ja c e n t  p e p t id e  r e s id u e s  in  sp ace  i s  
c a l l e d  seco n d a ry  s t r u c t u r e .  In  t h i s  p a p e r  sec o n d a ry  s t r u c t u r e  w i l l  
a l s o  in c lu d e  n o n re g u la r  p o r t i o n s  o f  a  g lo b u la r  p r o t e i n  t h a t  r e c u r  in  
m o le c u le  a f t e r  m o lecu le  o f  t h a t  p r o t e i n .  Such s t r u c t u r e s  h a v e , 
u n f o r tu n a t e ly ,  b een  la b e l e d  "random " by c r y s t a l l o g r a p h e r s , b u t  a re  
n o t  t h e  random c o i l  c o n fo rm a tio n  w hich  w i l l  be d is c u s s e d  in  g r e a t e r  
d e t a i l  in  t h i s  p a p e r .  R e g u la r  s e c o n d a ry  s t r u c t u r e s  a re  h e l i c e s  and 
th e  s o - c a l l e d  " p le a te d  s h e e t . "  T e r t i a r y  s t r u c t u r e  r e f e r s  to  th e  
f o ld i n g  o f  sec o n d a ry  s t r u c t u r e s  i n t o  com pact g lo b u la r  p r o t e i n s .  The 
a rra n g em en t o f  th e  i n d i v i d u a l  c h a in s  o f  a  p r o te in  w i th  m ore th a n  one 
n o n c o v a le n t ly  l in k e d  p e p t id e  c h a in  I s  te rm ed  q u a r te m a r y  s t r u c t u r e .  
P e n t i a r y  s t r u c t u r e  r e f e r s  to  th e  a rran g em en t o f  p r o t e i n s  in  membranes 
o r  o th e r  c o m p lic a te d  s t r u c t u r e s  su ch  a s  enzyme com plexes.
F ig . 1 shows th e  c o n f ig u r a t io n  o f a s e c t io n  o f p e p t id e  c h a in . 
The bond le n g th s  and a n g le s  a r e  g iv e n  in  th e  f i g u r e .  C onform ation  o f 
th e  p e p t id e  backbone i s  d e te rm in e d  by  a  s e t  o f  a n g le s  <|>^ , and 
w h ich  a re  d e f in e d  a s  th e  d ih e d r a l  a n g le s  ab o u t and th e
p e p t id e  bo n d , i ,  r e s p e c t i v e l y .  By c o n v e n tio n  th e s e  a n g le s  a r e
\ N
H
4m easured  a s  c lo c k w ise  r o t a t i o n s  a b o u t th e  i n d ic a te d  bond when v iew ed 
from  th e  am ino to  carb o x y  te rm in u s ,  w ith  z e ro  d e f in e d  a s  f o l lo w s :
a .
oII■H when
i
C.i -
1
1 and a re t r a n s .
b . 1|>. -  0 Ti when Ni and ni + i a re t r a n s .
c . = 0 when cai and C“+1 a re t r a n s .
The c o n v e n tio n  f o r  d e te rm in in g  th e  z e ro  r e f e r e n c e  a n g le s  f o r  'J' and 
w a re  th o s e  o f  th e  IUPAC-rUB Commission on B io c h em ic a l N o m en cla tu re  o f 
1966 (2 ) .  In  1969 th e  com m ission changed  th e  d e s ig n a t io n  o f th e s e  
a n g le s  to  b e t t e r  a g re e  w ith  c u r r e n t  o rg a n ic  c h em ica l n o m e n c la tu re  (3 ) .  
The new d e s ig n a t io n  o f  $ , i|>, and w can be  d e r iv e d  from  th e  1966 
c o n v e n tio n  by s u b t r a c t i n g  180° from  each  a n g le . The c o n v e n tio n  above 
i s  th e  1966 n o m e n c la tu re  w h ich  w i l l  b e  u sed  i n  t h i s  d i s s e r t a t i o n  
b e c a u se  i t  i s  c o n v e n ie n t i n  p r o t e i n  c o n fo rm a tio n a l  s t u d i e s  to  assum e 
th e  c o m p le te ly  e x te n d e d  c h a in  to  be  In  th e  r e f e r e n c e  c o n fo rm a tio n .
The p e p t id e  bond i s  p l a n a r  t r a n s ,  and th u s  m = 0° f o r  a lm o st 
a l l - c a s e s .  P r o l y l  r e s id u e s  p ro v id e  an e x c e p t io n  t o  th e  p re v io u s  
s ta te m e n t  i n  t h a t  th e  c i s  c o n fo rm a tio n  ab o u t th e  p e p t id e  bond i s  
common ( 4 ,2 4 ) .  I f  u  = 0 °  t h e r e  rem a in  o n ly  two o r d e r s  o f  freed o m ,
<{> and f o r  e a c h  r e s id u e  t h a t  d e s c r ib e  th e  p e p t id e  backbone 
c o n fo rm a tio n . T h e re fo re ,  th e  e n t i r e  c o n fo rm a tio n  o f  th e  p e p t id e  
c h a in  can b e  s p e c i f i e d  by a  s e t  o f  a n g le s ,  ij^ . I f  a l l  <1 ,^ ^  
a r e  e q u a l  th e n  th e  p o ly p e p t id e  I s  d e f in e d  as a  h e l i x .
V a rio u s  h e l i c e s  can  be s p e c i f i e d  by <f>» ^ a n g le s  o r  by  a  s e t  
o f  p a ra m e te rs  n ,  d ,  and  p w hich  r e p r e s e n t  r e s p e c t i v e l y  th e  num ber o f
5r e s id u e s  p e r  co m ple te  t u r n ,  th e  d i s ta n c e  a lo n g  th e  h e l i c a l  a x is  
r e q u i r e d  f o r  one t u r n ,  c a l l e d  th e  r i s e ,  and th e  p ro d u c t  o f  n  and d , 
c a l l e d  th e  p i t c h ,  (See T a b le  1 . )  The h e l i x  a l s o  h as  th e  q u a l i t y  o f  
s e n s e  w ith  a  d e s ig n a t io n  o f e i t h e r  r i g h t  o r  l e f t  han d ed . A r i g h t -  
handed  h e l i x  i s  one t h a t  when v iew ed  from  e i t h e r  end s p i r a l s  away in  
a c lo ck w ise  f a s h io n .  The th r e e  ty p e s  o f  h e l i c e s  commonly found in  
n a t iv e  p r o t e i n s  a r e  th e  a - h e l i x ,  th e  c o l la g e n  t r i p l e  h e l i x  and th e  
6 - p le a te d  s h e e t .  The 8 - s t r u c t u r e  i s  o f t e n  c o n s id e re d  a p a r t  from  
o th e r  h e l i c e s  b e c a u se  o f  th e  s h e e t  l i k e ,  s i d e - b y - s id e  a rran g em en t o f  
a  v a r i a b l e  num ber o f  c h a in s  n e c e s s a ry  t o  form  b o th  in t e r c h a i n  and 
i n t r a c h a i n  h y d rogen  bonds t h a t  g iv e  t h i s  s t r u c t u r e  i t s  s t a b i l i t y .
The p o ly p e p t id e  c h a in s  ( h e l i c e s )  o f  (3 - s t r u c tu r e  can be 
p a r a l l e l  o r  a n t i p a r a l l e l ,  d ep en d in g  on w h e th e r  th e  c h a in s  ru n  in  th e  
same d i r e c t i o n  o r  a l t e r n a t e  d i r e c t i o n .  H om opo lypep tides in  w hich  th e  
y atom  o f  th e  r e s id u e  i s  oxygen o r  s u l f u r ,  su ch  a s  p o ly - L - s e r in e ,  
p o ly - L - c y s te in e ,  and p o ly - L - th r e o n in e ,  te n d  t o  form  th e  p le a t e d  
s h e e t .  I t  i s  b e l ie v e d  t h a t  d ip o le - d ip o le  i n t e r a c t i o n s  o f  a d ja c e n t  
g ro u p s  d e s t a b l i z e  th e  a - h e l i x ,  b u t  su ch  i n t e r a c t i o n s  a r e  m in im ized  in  
th e  (3 - s t r u c tu r e .  N a tu re . 's  b e s t  exam ple o f  t h e  p le a t e d  s h e e t  i s  s i l k  
f i b r o i n  from  Bonibyx m ori w h ich  c o n ta in s  12-16% s e r i n e  ( 5 ,6 ) .  P o ly -L -  
ly s in e  and p o ly - L - h i s t i d i n e  have  b e en  shown t o  form  3 - s t r u c t u r e s  
u n d e r  p r o p e r  s o lv e n t  c o n d i t io n s  ( 7 ,8 ) .  Some n a t i v e  g lo b u la r  p r o t e in s  
h av e  v a r io u s  am ounts o f  8 - s t r u c t u r e  a s  i n d i c a t e d  by x - r a y  
c r y s ta l l o g r a p h y .  (See T a b le  2 . )
Table 1. P aram eters  o f  o rd e red  secondary  p ro te in  s t r u c tu r e s .  P a ram eters  in  p a re n th e se s  f o r  
a - h e l ix  from (129) and 3 ^  from (130 ). A ll o th e r s  from (3 1 ).
P aram eter a -H e lix 31q H e lix 2^ Ribbon P o ly p ro lin eh e l ix
A n t ip a r a l le l  
B -p lea ted  sh e e t
132°(113°) 131°(106°) 105° 103°
OO-3*
* 123°(136°) 154°(176°) 250° 326° 315°
n 3.61 3 .00 2 .00 -3 .0 0 * 2 .0
d(A) 1 .5 2 .0 2 .8 0 3 .12 3 .47
P(A) 5 .41 6 .0 5 .60 -9 .3 6 6 .95
The n e g a tiv e  s ig n  den o tes  a le f t-h a n d e d  h e l ix .
7Alpha h e l i c e s  a r e  found  in  n a tu r e  i n  b o th  s t r u c t u r a l  and 
g lo b u la r  p r o t e in s .  The <f and if a n g le s  and th e  r i s e ,  p i t c h ,  and 
r e s id u e s  p e r  tu r n  a re  l i s t e d  in  T able  1. The ta b le  i n d i c a t e s  th a t  
t h e r e  i s  a s m a ll ran g e  o f  <f and if t h a t  y i e l d  th e  a - h e l ix .  The a - h e l ix  
i s  n o t  on ly  found  in  n a tu r e ,  i t  i s  a ls o  th e  co n fo rm a tio n  ad o p ted  by 
many hom opo lypep tides in  a v a r i e t y  o f s o lv e n t s .  These h e l i c e s  have 
been  r i g h t -  o r  le f t - h a n d e d  w i th  th e  s e n s e ,  a  fu n c t io n  o f th e  s id e  
c h a in . Homopolymers o f  L - a la n in e ,  L - ly s in e ,  L - ty r o s in e ,  g -p ro p y l-L -  
a s p a r t a t e ,  y -b e n z y l-L - g lu ta m a te , -y -m eth y l-L -g lu tam a te , e -b en zy lo x y - 
c a r b o n y l- L - ly s in e ,  L -g lu ta m ic  a c id  and (4 -h y d ro x y b u ty l-L -g lu ta m in e )  
have been  d em o n stra ted  to  be r ig h t-h a n d e d  h e l i c e s  in  n o n - in t e r a c t in g  
s o lv e n ts  (9 -1 7 ) .  On th e  o th e r  hand , g -m e th y l- ,  g -b e n z y l- ,  
g - ( o - c h lo r o b e n z y l ) - ,  and g - ( m -c h lo ro b e n z y l) -L - a s p a r ta te  have 
d e m o n stra ted  fo rm a tio n  o f  th e  le f t -h a n d e d  a - h e l i x  (9 -1 7 ) .
The n a tu r a l l y - o c c u r r in g  s t r u c t u r a l  p r o te in s  a - k e r a t i n  of 
h a i r  (22) and m yosin o f  m u sc le s  (1 9 ,2 0 ) a r e  exam ples o f a - h e l i c e s .
Both p r o te in s  a r e  found i n  n a tu r e  in  s u p e r s t r u c tu r e s .  A lp h a -k e ra t in  
i s  b e l ie v e d  to  c o n s i s t  o f  t h r e e  a - h e l i c e s  s l i g h t l y  wound ab o u t each  
o th e r  w h ile  p a r t s  o f  m yosin  c o n s i s t  o f  two en tw in ed  a - h e l i c e s  (2 1 ) . 
G lo b u la r  p r o te in s  c o n ta in  v a ry in g  amounts o f  a - h e l i c e s .  C oncanavalin  
A h a s  no a - h e l i x  (2 3 ) ,  w h ereas  o th e r s ,  f o r  exam ple m yoglobin (T ab le  2) 
have g r e a t e r  am ounts o f  a - h e l i x .  T ab le  2 g iv e s  th e  ap p ro x im ate  
c o n t r ib u t io n  o f  a - h e l i x  and g - s t r u c tu r e  to  th e  t e r t i a r y  s t r u c t u r e  o f 
some g lo b u la r  p r o t e in s .
8T ab le  2 . S econdary  s t r u c t u r e  c o n t r ib u t io n  to  th e  t e r t i a r y  s t r u c t u r e  
o f  s e l e c t e d  p r o t e in s
P r o te in R efe ren c e H e lix * 8 -S h ee t N o n re g u la r
Lysozyme (127) 27% 15% 58%
R ib o n u c le a se  S (127) 23% 43% 34%
M yoglobin (127) 79% 0% 21%
C o n co n av a lin  A (128) 0% 57% 43%
C a rb o x y p e p tid a se  A (127) 20% 35% 45%
S m a ll, n o n - a - h e l i c a l ,  h e l i c a l  segm en ts  a r e  in c lu d e d  in  t h i s  
c a l c u la te d  v a lu e ,  e .g .  r e s id u e  80-85 in  lysozym e i s  in te r m e d ia te  
be tw een  th e  a  and 3^^ h e l i c e s  (1 2 7 ) .
9F i g u r e  2 .  H y d r o g e n  b o n d i n g  p a t t e r n  o f  t h e  a l p h a - h e l i x .
f  ■  m  m  ■  m  ■  ■  ■  ■  m ■  ■  ■  ■  ■  m m m m m m m 
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F ig u re  2. Hydrogen bonding p a t te r n  o f the  a - h e l ix .
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The c o l la g e n  h e l i x  i s  a  s l i g h t l y  tw is te d  t r i p l e  h e l i x  in  
w h ich  two o f  e v e ry  t h r e e  am ino a c id  r e s id u e s  a r e  in v o lv e d  i n  i n t e r ­
c h a in  hy d ro g en  bonds (2 5 ) .  The in d iv id u a l  c h a in s  a re  le f t - h a n d e d  
h e l i c e s ,  b u t  a r e  w rapped aro u n d  each  o th e r  w ith  a s l i g h t  r ig h t-h a n d e d  
t w i s t .  The c o n fo rm a tio n  o f  t h i s  s t r u c t u r e  demands t h a t  e v e ry  t h i r d  
r e s id u e  be g ly c y l .  C lo se  p a c k in g  re q u ire m e n ts  o f  th e  c h a in s  a s  th e y  
t w i s t  a round  each  o th e r  p ro v id e  no  room f o r  a s id e  c h a in  a t  e v e ry  
t h i r d  r e s id u e .  T h ere  a r e  known h e l i c a l  p e p t id e  s t r u c t u r e s ,  s i m i l a r  to  
c o l la g e n ,  w hich  h av e  n o t  been  i s o l a t e d  from  l i v i n g  sy s te m s . Such 
h e l i c a l  s t r u c t u r e s  in c lu d e  th o s e  f o r  th e  h o m o p o ly p ep tid e s  p o ly g ly c in e  
I I  (2 6 ) ,  p o ly - L - p r o l in e  (fo rm  I I )  (27 -2 9 ) and p o ly -L -h y d ro x y p ro lin e  A 
(3 0 ) , a l l  o f  w h ich  a d o p t h e l i c e s  s i m i l a r  to  th e  l e f t - h a n d e d  h e l i x  o f 
c o l la g e n .  P o ly g ly c in e ,  h o w ev er, can j u s t  as e a s i l y  a d o p t a  r i g h t -  
a s  a  l e f t - h a n d e d  h e l i x  due to  th e  sym m etry o f  th e  g ly c y l  r e s id u e .
O th e r p o s s ib le  h e l i c a l  s t r u c t u r e s  a re  th e  it h e l i x ,  3 ^  h e l i x ,  and 
p o ly - L - p r o l in e  (fo rm  I )  s t r u c t u r e .  P a ra m e te rs  f o r  th e s e  h e l i c e s  a re  
l i s t e d  in  T a b le  1.
The s t a b i l i t y  o f  h e l i c a l  s t r u c t u r e s  l i e s  p a r t i a l l y  i n  t h e i r  
a b i l i t y  to  form  i n t e r c h a i n  and in t r a c h a i n  hydrogen  b o n d s . An 
a l t e r n a t e  nam ing sy s te m  names th e  h e l i x  a c c o rd in g  to  th e  num ber o f 
atom s i n  th e  c h a in  c o n n e c tin g  th e  hy d ro g en  and th e  oxygen o f  a hydrogen
bond  and th e  f r a c t i o n  o f  r e s id u e s  in v o lv e d  i n  t h a t  bond . Exam ples o f
t h i s  ty p e  o f  n o m e n c la tu re  a r e  th e  2y  and h e l i c e s .  The a - h e l i x
would b e  th e  3 . 7 ^  h e l i x  s in c e  t h e r e  a r e  13 atom s and 3 .7  r e s id u e s
p e r  t u r n .  (See F ig u re  2 . )
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I f  h y d rogen  bond fo rm a tio n  i s  th e  d r iv in g  f o r c e  tow ard  h e l i x  
fo r m a t io n ,  th e y  why, w ith  th e  num erous p o s s ib l e  i n t r a c h a i n  h y d rogen  
b o n d in g  schem es, a r e  so  few ty p e s  o f  h e l i x  o b se rv ed ?  The answ er to  
t h i s  q u e s t io n  l i e s  p a r t i a l l y  in  s t e r i c  i n t e r a c t i o n s  o f  th e  p e p t id e  
atom  g ro u p s  a s  $ and a re  v a r ie d  o v e r  360 d e g re e s . G. N. Ram achandran 
h ead ed  a  g ro u p  in  I n d ia  t h a t  u sed  m odels and com pu ters  to  c a l c u l a t e ,  
o v e r  th e  ra n g e  o f <j> and i|>, w hat c o n fo rm a tio n s  a re  im p o s s ib le  due to  
s t e r i c  h e n d ra n ce  and w hat c o n fo rm a tio n s  a r e  a llo w a b le  f o r  th e  
L - a la n y l  r e s id u e  (3 1 ) .  U sing  a  h a rd  s p h e re  atom m odel, th e  group 
o b ta in e d  a  map o f  a llo w ed  and d is a l lo w e d  ^ v a lu e s .  W ith a  s l i g h t  
d e c r e a s e  in  a to m ic  r a d i i  a  new a r e a  on th e  map was c a l c u l a t e d .  T h is  
a r e a  was te rm ed  th e  p a r t i a l l y  a llo w e d  a r e a .  F ig u re  3 shows th e  
R am achandran p l o t .  The lo c a t io n  o f  v a r io u s  h e l i c e s  i s  i n d ic a te d  on 
th e  map. T hese h e l i c e s  g e n e r a l ly  f a l l  i n  o r  n e a r  a llo w ed  o r  p a r t i a l l y  
a llo w e d  a r e a s .  T hrough a s im p le  m odel Ram achandran was a b le  to  
r e l a t e  a to m ic  to  sec o n d a ry  s t r u c t u r e  o f  p r o t e i n s ,  y e t  h i s  work was 
o b v io u s ly  n o t  th e  co m p le te  s t o r y .  A more r ig o r o u s  t r e a tm e n t  o f  th e  
same p ro b lem  was p e rfo rm ed  by  P a u l  F lo ry  ( 3 2 ) .  He u se d  a  more 
r e f i n e d  m odel w ith  m ore a to m ic  i n t e r a c t i o n s  to  p ro d u ce  e n e rg y  maps 
f o r  p a r t i c u l a r  r e s id u e s .  T hese maps have  a  con tinuum  o f  e n e rg y  
v a lu e s  I n s te a d  o f  th e  t h r e e  c a t e g o r i e s  o f  R am achandran ' s  map. The 
c o n fo rm a tio n a l  e n e r g ie s  o f  a r e s id u e  a s  a  f u n c t io n  o f  0 , i|< w ere 
c a l c u l a t e d  a c c o rd in g  to  th e  fo l lo w in g  e q u a t io n :
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F ig u re  3 . Ram achandran s t e r i c  map (31) f o r  th e  L -a la n y l  r e s id u e .
"N orm ally  a llo w ed "  re g io n s  a re  e n c lo se d  by s o l id  l i n e s ;  
th o s e  m ee tin g  th e  re q u ire m e n ts  s e t  by th e  " o u te r  l im i t "  
d is ta n c e s  a r e  e n c lo se d  by- d ashed  l i n e s .  C onform ations 
$,4* c o rre sp o n d in g  to  s e v e r a l  h e l i c e s  a re  in d ic a te d  as 
fo l lo w s :  r i g h t -  and le f t - h a n d e d  a h e l i c e s ,  , ±122°,
±133°; p a r a l l e l  p le a te d  s h e e t ,  (++), + 62°, -6 8 ° ;  a n t i ­
p a r a l l e l  p le a te d  s h e e t ,  (+l) , 3 8 ° , -3 5 ° ;  p o ly g ly c in e - I I  
( le f t - h a n d e d )  and p o l y - L - p r o l i n e - I I , ^ i )  , 102°, -3 5 ° ;  
c o l la g e n ,  ( c )  , 123°, -4 0 °
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E(<{>,i|>) = ( E ° / 2 ) ( 1 - c o s  3$)  +  ( E ° / 2 ) ( 1 - c o s  3i|>) +
<P V
I E .  - (<j>,ty) + E E q u a t io n  1
k , l  C
E^ and E° a r e  th e  h e i g h t s  o f  th e  r o t a t i o n a l  b a r r i e r s  around th e  a n g le s
4> and t|/. E° and E° a r e  on t h e  o r d e r  o f  1 ,0  K cal (3 3 ) .  The te rm
E. (<t>,i/j) i s  d e f in e d  a s  t h e  en e rg y  o f  i n t e r a c t i o n  o f  nonbonded atoms it, -L
k and 1 s e p a r a t e d  by d i s t a n c e  a f u n c t i o n  o f  <|> and i|>, and i s  th e
sum o f  t h e  r e p u l s i v e  and a t t r a c t i v e  i n t e r a c t i o n s  a s  e x p re s s e d  in  th e  
f o l l o w i n g  e q u a t i o n :
Ek j l C4.,«0 = ak l / r k l  -  c ^ / r 6 E q u a t io n  2
The a to m ic  p a i r s  k , l  a r e  made up o f  nonbonded atom s from t o
whose s e p a r a t i o n  d i s t a n c e  r ^  i s  a f u n c t i o n  o f  and The
ex p o n en t  m i s  t a k e n  t o  be  12 (L eonard  Jo n e s  p o t e n t i a l ) . The 
a t t r a c t i v e  i n t e r a c t i o n  w here c ^  i s  a c o n s t a n t  f o r  a to m ic
p a i r  k , l ,  i s  c a l l e d  th e  London d i s p e r s i o n  i n t e r a c t i o n .  The te rm s  cfc^ 
can b e  c a l c u l a t e d  from  a to m ic  p o l a r i z a b i l i t i e s  u s i n g  th e  S l a t e r -  
K irkwood e q u a t i o n  (3 4 ) .  The te rm s  a ^  a r e  c o n s t a n t s  f o r  th e  a tom ic  
p a i r  k , l ,  w hich  can b e  a r b i t r a r i l y  chosen  t o  r e p ro d u c e  o b se rv ed  bond 
d i s t a n c e s  i n  c r y s t a l s .  The a ^  w ere chosen  t o  p ro d u c e  minima a t  t h e  
f o l l o w i n g  a to m ic  r a d i i :  r °  = 1 .3A , r °  = 1 .8  A, r °  » 1 .6  A, r °  = 1 .6 5  A,
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and r °  = 1 .9 5  A. ( 3 2 ) .  E i s  t h e  cou lom bic  i n t e r a c t i o n  be tw een  th e  
2 c 
a d j o i n i n g  p a i r  o f  amide g ro u p s  a r i s i n g  from  th e  l a r g e  d i p o l e  moment o f
t h e  amide u n i t .  T h is  i n t e r a c t i o n  d e s t a b i l i z e s  t h e  a - h e l i x  due to
s t a c k i n g  o f  amide b o nds .
1.6
The c a l c u l a t i o n  o f  E((f>,ti>) y i e l d s  energy  maps t h a t  a re  s im i l a r
to  th e  Ramachandran work, b u t  must be co n s id e red  a re f in e m e n t .
F ig u re s  4 and 5 show th e  energy  p l o t s  f o r  th e  g ly c y l  and L - a la n y l
r e s id u e s  r e s p e c t i v e l y .  S e p c i f i c  in fo rm a t io n  about th e  d e te rm in a t io n
o f  E i s  found i n  th e  le g e n d s .  The v a r io u s  h e l i c e s  have been marked c
on th e  a l a n y l  map f o r  comparison w ith  th e  Ramachandran p l o t s .  The 
p re sen c e  o f  -H as  th e  R-group of th e  g ly c y l  r e s id u e  produces  a 
sy m m etr ica l map. The r e s u l t s  o f  th e  L - a la n y l  c a l c u l a t i o n s  a re  
c o n s id e re d  to  be a p p l i c a b le  t o  o th e r  r e s id u e s  w ith  “ CH2R s id e  
g roups (35) .
I t  i s  obvious t h a t  th e  a b i l i t y  of a p o ly p e p t id e  to  form a 
h e l i x  i s  a  fu n c t io n  o f  th e  a b i l i t y  t o  form i n t e r c h a i n  o r  i n t r a c h a i n  
hydrogen bonds a t  an a l lo w a b le  4), i|i. However, t h e r e  i s  more to  h e l i x  
fo rm a tio n  t h a t  hydrogen bonding and s t e r i c  c o n s id e r a t io n s .  For 
example, p o ly -L -g lu ta m a te  does n o t  form a h e l i x  in  H20 a t  pH 7 .6  
(3 6 ,3 7 ) ,  a l th o u g h  i t  i s  n o t  s t e r i c a l l y  h in d e re d  from form ing any of 
s e v e r a l  ty p e s  o f  h e l i c e s .  The f i n a l  d e te rm in in g  f a c t o r s  of h e l i x  
fo rm a tio n  a re  s id e  c h a in  i n t e r a c t i o n s  and s o lv e n t  i n t e r a c t i o n s  w ith  
th e  p o ly p e p t id e .  At pH 7 .6  th e  c a rb o x y la te  group o f  th e  s id e  chain  
o f  p o ly -L -g lu ta ra a te  a r e  charged  and r e p u ls io n  due to  charge p re v e n ts  
th e  fo rm a tio n  o f  th e  h e l i x  (3 8 ) .  The i n t e r a c t i o n s  of s id e  ch a in s  
and s o lv e n t s  w i l l  be  f u r t h e r  d is c u s s e d  l a t e r  in  t h i s  work. F i r s t  a 
t r e a tm e n t  of methods o f  d e s c r ib in g  and q u a n t i f y in g  t r a n s i t i o n s  to  and 
from secondary  s t r u c t u r e s  i s  in  o rd e r .
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F ig u r e  4 .  C o n fo rm a t io n a l  en e rg y  map (32) f o r  t h e  L - a l a n y l  r e s i d u e  
c a l c u l a t e d  a c c o rd in g  to  E q u a t io n  1 ,  w i th  e s t i m a te d  on 
th e  b a s i s  o f  p o i n t  monopole c h a r g e s  ( e  *» 3 . 5 ) .  The lo w e s t  
minimum (X) o c c u r s  i n  r e g i o n  I I I .
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F ig u r e  5 . C o n fo rm a tio n a l  en erg y  map (32) f o r  th e  g ly c y l  r e s id u e  
c a l c u l a t e d  a c c o rd in g  to  E q u a t io n  1 , w i th  Ec e s t im a te d  
on th e  b a s i s  o f  p o i n t  monopole ch a rg es  ( e  = 3 .5 ) .  
C on tours  a r e  drawn a t  1 k c a l  mole ^ i n t e r v a l s .
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There  a r e  two a l t e r n a t i v e s  to  o rd e re d  seco n d ary  s t r u c t u r e s .
The f i r s t  such a l t e r n a t i v e  i s  one which i s  found i n  n a t i v e  g lo b u la r  
p r o t e i n s .  X -ray  c r y s t a l l o g r a p h y  h a s  shown t h a t  p a r t s  o f  such p r o t e i n s  
e x i s t  i n  n o n r e g u la r  ch a in  segm ents . These segm ents have been c a l l e d  
"random" segm ents . However, ex am in a t io n  o f a l l  t h e  m o lecu les  o f  th e  
p r o t e i n  w i l l  l i k e l y  show t h a t  m ost o f  th e  m o lecu les  have th e  same 
co n fo rm a tio n  o f  "random" segm ents . T h is  r e c u r r i n g  s t r u c t u r e  i s  
d e s ig n a te d  n o n r e g u la r  seco n d ary  s t r u c t u r e  and th e  word random w i l l  
n o t  a g a in  be u sed  i n  t h i s  work t o  r e f e r  t o  i t .  The second c o n fo r­
m a tion  a l t e r n a t i v e  t o  th e  o rd e re d  seco n d ary  s t r u c t u r e  i s  a  c o n fo r ­
m a tion  t h a t  h a s  no seco n d ary  s t r u c t u r e  a t  a l l .  I f  a p o ly p e p t id e  i s  
a l lo w ed  t o  assume any v a lu e s  o f  <f>, ij/ a c c o rd in g  to  c o n s t r a i n t s  t h a t  
a r i s e  from n e a r e s t  n e ig h b o r  i n t e r a c t i o n s  o n ly ,  i t  w i l l  assume any one 
o f  a  v e ry  l a r g e  number o f  c o n fo rm a tio n s  i n  s o l u t i o n  a t  any t im e .  A 
group of c h a in  m o le c u le s  w i th  no r e c u r r e n t  p a t t e r n  o f  f  w i th in  o r  
among th e  m o le c u le s ,  and w i th  a  s t a t i s t i c a l  d i s t r i b u t i o n  o f  c o n fo r ­
m a t io n s ,  i s  c a l l e d  th e  random c o i l  o r  c o i l  i n  t h i s  p a p e r .  S t a t i s t i c a l  
m echanics  has  been  used  t o  t r e a t  th e  c o n fo rm a tio n  i n  which th e  
m o lecu le  i s  f r e e  from  i n t e r -  o r  i n t r a c h a i n  lo n g - ra n g e  i n t e r a c t i o n s  and 
th e  e f f e c t s  o f  an e x t e r n a l  f o r c e .  Such a co n fo rm a tio n  i s  s a i d  to  
e x i s t  i n  th e  u n p e r tu rb e d  c o n d i t io n .
P r o t e i n s  (39-41) and hom opolypep tides  (42-44) e x i s t  in  random 
c o i l  c o n fo rm a tio n  i n  a v a r i e t y  o f  s o lv e n t  c o n d i t i o n s .  R es idues  t h a t  
e x i s t  i n  th e  random c o i l  c o n fo rm a tio n  have been  p o s t u l a t e d  t o  e x i s t  
even w i t h i n  c r y s t a l l i n e  p r o t e i n s  such a s  s t a p h y lo c o c c a l  n u c l e a s e ,  which
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h a s  s e v e r a l  r e s i d u e s  t h a t  do n o t  a p p e a r  i n  t h e  c r y s t a l  s t r u c t u r e  as  
d e te rm in e d  by x - r a y  s c a t t e r i n g  (4 5 ) .
In  n a t i v e  p r o t e i n s  t h r e e  ty p e s  o f  c h a in  c o n fo rm a tio n  can be 
d e m o n s t ra te d — o rd e re d  s e c o n d a r y ,  n o n r e g u la r  s e c o n d a ry  and random c o i l  
c o n fo rm a t io n .  By ch an g in g  t e m p e r a t u r e ,  p r e s s u r e ,  o r  s o lv e n t  
c o n d i t i o n s ,  one i s  a b le  t o  change t h e  r e l a t i v e  c o n t r i b u t i o n  o f  t h e s e  
c o n fo rm a t io n s .  T h is  change can be v i s u a l i z e d  by movement on th e  map 
i n  F ig u r e  6 .  The t h r e e  e x tre m e s  o f  t h i s  map a r e  t o t a l  n o n r e g u la r  
s t r u c t u r e ,  t o t a l  o rd e re d  s t r u c t u r e  and t o t a l  random c o i l .  Most 
p r o t e i n s  i n  th e  n a t i v e  s t a t e  would f a l l  on th e  c r o s s - h a t c h e d  p o r t i o n  
o f  th e  map. P e r t u r b a t i o n  b y ,  f o r  exam ple , te m p e r a tu r e  change would 
move t h e  p r o t e i n  tow ard  th e  random c o i l  c o m e r .  D i f f e r e n t  s e c o n d a ry  
s t r u c t u r e s  o f  n a t i v e  p r o t e i n  have  been  shown t o  d e n a tu r e  d i f f e r e n t l y .  
B ovine  o r l a c ta lb u m in  d e n a tu r e s  i n  h ig h  c o n c e n t r a t i o n s  o f  NaCIO, w i th  
p r e s e r v a t i o n  o f  t h e  h e l i c a l  segm ents  (4 5 ) .  H om opolypep tides  a r e  
assumed t o  have  no  n o n r e g u la r  s t r u c t u r e ,  so  t e m p e r a tu r e  change w i l l  
move th e  p e p t i d e  a lo n g  t h e  l i n e  be tw een  o rd e re d  s t r u c t u r e  and random 
c o i l .  In  s p e c i a l  c a s e s  h o m o p o ly p e p t id e s  w i l l  change from  one o rd e re d  
s t r u c t u r e  t o  a n o th e r  ( a - h e l i x  t o  ( 3 - s t r u c tu r e )  (4 7 ) .  Such a  change can 
n o t  b e  r e p r e s e n t e d  by F ig u r e  6. T h is  d i s s e r t a t i o n  d e a l s  m a in ly  w i th  
t r a n s i t i o n s  from  o rd e re d  s t r u c t u r e ,  nam ely th e  a - h e l i x ,  t o  t h e  random 
c o i l .
T h e o r ie s  em ploy ing  s t a t i s t i c a l  m echan ics  hav e  b e en  d ev e lo p ed  
t o  e x p la i n  h e l i x - c o i l  t r a n s i t i o n s .  The f i r s t  o f  t h e s e  t h e o r i e s  was 
t h a t  o f  S che llm an  (48) d e v e lo p e d  i n  1955. T h is  t r e a tm e n t  employed an
F ig u re  6. A seco n d ary  s t r u c t u r e  map on which th e  fo l lo w in g  p r o t e i n s  
and p o ly p e p t id e s  a r e  l o c a t e d :  + ,  lysozym e; s ,  s ta p h y ­
lo c o c c a l  n u c le a s e ;  A, c a rb o x y p e p t id a s e  A; f ,  c o n c a n a v a l in  
A; X, m yoglob in ; A, PHBG, 5° i n  H20; 0 , PHPG, 25°C in  H20 
| | , PHEG, 25°C i n  H20 ; and P, a  p a r t i a l l y  d e n a tu re d  
p r o t e i n .
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a l l - o r - n o n e  model f o r  h e l i x  to  c o i l  t r a n s i t i o n  o f  a c h a in  m o lecu le  i n  
s o l u t i o n .  L a te r  t h e o r i e s  a l lo w ed  f o r  th e  e x i s t e n c e  o f  b o th  h e l i x  and 
c o i l  segm ents w i th in  t h e  same m o lecu le  (4 9 -5 5 ) .  T h is  d i s s e r t a t i o n  
w i l l  make u se  o f  th e  th e o ry  o f Zimm and Bragg (50) i n  which each 
r e s id u e  o f  a  p o ly p e p t id e  c h a in  i s  a l lo w ed  to  e x i s t  i n  two s t a t e s ,  
a - h e l i c a l  o r  random c o i l .  I f  th e  <(>, ifi a n g le s  o f  a r e s id u e  f a l l  
w i t h i n  th e  narrow  ran g e  o f  th e  a - h e l i x ,  th e  r e s i d u e  i s  d e s ig n a te d  h ,  
f o r  h e l i c a l .  R es id u es  w i th  any o t h e r  <p, ip a n g le s  a r e  t h e r e f o r e  
c a l l e d  c ,  f o r  c o i l .  A f u r t h e r  d e s i g n a t i o n  a r i s e s  from th e  d i f f e r e n c e  
betw een  a h e l i c a l  r e s id u e  t h a t  i s  hydrogen  bonded to  th e  t h i r d  
p re c e d in g  r e s i d u e  and one which i s  n o t  so  bonded. I t  i s  assumed t h a t  
such  hydrogen  bonds a r e  th e  on ly  i n t r a c h a i n  hydrogen bonds t h a t  a r e  
form ed. The d i f f e r e n c e  i n  d e s i g n a t i o n  o f  th e  two ty p e s  o f  h r e s i d u e s  
w i l l  become c l e a r  by f u r t h e r  e x p la n a t io n  o f  th e  Zimm-Bragg t r e a tm e n t .  
By th e  r u l e  s e t  above th e  f i r s t  h r e s id u e  i n  a h e l i c a l  segment w i l l  
be  non -hydrogen  bonded and i t  f o l lo w s  t h a t  segm ents  o f  l e s s  than  
t h r e e  c r e s i d u e s  w i l l  n o t  be a l lo w ed .  I n  s t a t i s t i c a l  m echanics  a  
q u a n t i t y ,  Q (n ) ,  c a l l e d  th e  c o n fo rm a t io n a l  p a r t i t i o n  f u n c t io n  must be 
c a l c u l a t e d .  Q(n) c o n ta i n s  th e  s t a t i s t i c a l  w e ig h t  o f  ev e ry  one o f  
th e  i n f i n i t e  c o n fo rm a tio n s  p o s s i b l e  f o r  a lo n g  ch a in  m o lecu le  in  
which each  r e s i d u e  can have  an i n f i n i t e  number o f  s t a t e s  and i s  
c a l c u l a t e d  a c c o rd in g  to  th e  f o l lo w in g :
Q(n) = J n e x p ( -e  / k t ) d q  
/ i = l
Equation 3
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e_^ i s  t h e  f r e e  e n e rg y  o f  th e  i t h  r e s i d u e  i n  any one o f  t h e  i n f i n i t e
c o n fo rm a t io n s  a r e s i d u e  can assum e. I f  one assum es t h a t  e ach  c. i s1
in d e p e n d e n t  and can hav e  o n ly  d i s c r e t e  v a l u e s , th e n  E q u a t io n  3 becomes
nm n
Q(n) *= Z H e x p C -e . /k T )  E q u a t io n  4
j = l  i = l  1
w here  m i s  t h e  number o f  d i s c r e t e  s t a t e s  i n  w h ich  t h e  r e s i d u e  can 
e x i s t .  Zimm and Bragg a s s i g n  exp ( - ^ / k T ) , t h e  s t a t i s t i c a l  w e ig h ts  o f  
a  r e s i d u e  a s  f o l l o w s :
(1) The q u a n t i t y  u n i t y  f o r  e v e ry  c,
(2) The q u a n t i t y  s f o r  an h t h a t  f o l l o w s  an h .
(3) t h e  q u a n t i t y  o s  f o r  e v e r y  h t h a t  f o l l o w s  p o r  more c * s .
(4) The q u a n t i t y  0 f o r  e v e r y  h t h a t  f o l lo w s  l e s s  th a n  p c ’ s .
The q u a n t i t y  p f o r  t h e  a - h e l i x  i s  t h r e e  due t o  t h e  s i z e  o f  t h e  hyd rogen  
bond lo o p .  The s i g n i f i c a n c e  o f  (4) above i s  t h a t  r e s i d u e s  t h a t  a r e  
w i t h i n  a h y d ro g e n  bond lo o p  can n o t  e x i s t  a s  c o i l ,  so  must b e  h e l i c a l .  
T h e r e f o r e ,  no  segm ent o f  l e s s  t h a n  t h r e e  c o i l  r e s i d u e s  i s  s a i d  t o  
e x i s t .  The f a c t o r ,  u n i t y ,  i s  a r b i t r a r i l y  a s s ig n e d  t o  t h e  c o i l  s t a t e .  
The f a c t o r ,  s ,  i s  t h e  m easure  o f  t h e  r e l a t i v e  w e ig h t  o f  a  h e l i c a l  t o  
n o n h e l i c a l  r e s i d u e .  F i n a l l y ,  t h e  a s  f a c t o r  i n d i c a t e s  t h e  g r e a t  
d e c r e a s e  i n  s t a t i s t i c a l  w e ig h t  o f  a  r e s i d u e  t h a t  i s  h e l i c a l  and 
unbonded. T h is  r e s i d u e  i s  t h e  f i r s t  r e s i d u e  o f  a  h e l i c a l  segm ent and 
a < l .  The f a c t o r  s  n o t  o n ly  i s  t h e  s t a t i s t i c a l  w e ig h t  o f  a  bonded h 
r e s i d u e ,  i t  i s  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  p r o p a g a t io n  o f  a
27
h e l i c a l  segm ent.  C a lc u la te d  v a lu e s  o f  s  f o r  th e  homopolymers o f
e x i s t e n c e  o f  t h e  f i r s t  r e s i d u e  o f  a h e l i c a l  segm ent i s  o f  low
p r o b a b i l i t y  b e c a u s e  each  f i r s t  r e s i d u e  h a s  n e i t h e r  t h e  low e n th a lp y
im p a r te d  by a hyd rogen  bond n o r  t h e  h ig h  e n t ro p y  a s s o c i a t e d  w i th  t h e
c o i l  s t a t e .  The s m a l l e r  th e  v a lu e  o f  a ,  t h e  few er number o f  h e l i c a l
segm ents  t h a t  w i l l  e x i s t .  The v a l u e s  o f  o r e p o r t e d  i n  th e  l i t e r a t u r e
_2
f o r  po lyam ino  a c i d s  v a ry  from  10 t o  10 (5 6 -6 4 ) .
e i t h e r  h  o r  c and c o n s id e r s  a l l  a r ra n g e m e n ts  o f  n  su ch  l e t t e r s ,  th e n  
u s in g  Zimm-Bragg s t a t i s t i c a l  w e ig h ts  t h e  e q u a t io n  f o r  Q(n) becomes th e  
f  o l l o w in g :
The te rm  ( n - 2 ) / 2  i s  th e  l a r g e s t  i n t e g e r  l e s s  th a n  ( n - 2 ) / 2 .  The u se  
o f  Q(n) a s  d e f in e d  above y i e l d s  t h e  f o l lo w in g  e x p r e s s io n  f o r  0 ( n ) , 
t h e  a v e ra g e  f r a c t i o n  o f  hy d ro g en  bonds p e r  m o le c u le  o f  l e n g th  n .
0 (n )  becomes i n d i s t i n g u i s h a b l e  from  t h e  f r a c t i o n  o f  h e l i c a l  r e s i d u e s  
p r e s e n t ,  f^»  w hich  w i l l  be  c a l l e d  f r a c t i o n  h e l i x .  E x p r e s s io n s  f o r  th e
n a t u r a l l y  o c c u r r i n g  amino a c i d s  ra n g e  from  0 .6  t o  1 .4  ( 5 6 - 6 4 ) .  The
I f  one r e p r e s e n t s  a  h o m o p o ly p ep tid e  a s  a s t r i n g  o f  l e t t e r s
( n - 2 ) / 2  j> n - l - 2  
Q(n) = 1 + Ze o' Zk
t  I t \ ( £ - 1 ) ! ( k - £ ) ! ( n - k - Z - 2 ) !
( k - l ) ! ( n - k - 2 ) ! s k
E q u a t io n  5
E q u a t io n  6
At l a r g e  v a l u e s  o f  n  and s m a l l  v a l u e s  o f  a (<10 ) ,  t h e  v a l u e  f o r-3
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a v e ra g e  number o f  h e l i c a l  s e g m e n ts ,  u ( n ) ,  and th e  a v e ra g e  number o f  
r e s i d u e s  p e r  h e l i c a l  seg m en t,  L ( n ) , can  a l s o  be d e te rm in e d  by u s e  o f
S in ce  p = 3 f o r  th e  e q u a t i o n s  a b o v e ,  e ach  h e l i c a l  segm ent m ust be
p re c e d e d  by  a minimum o f  3 c o i l  r e s i d u e s .  I f  y = 1 th e n  th e  te rm  n -3
i n  E q u a t io n s  6 and 8 would become n .  C o i l  segm ents  o f  any l e n g t h  
co u ld  be  p o s s i b l e .  The number o f  s t a t i s t i c a l  w e ig h ts  each  r e s i d u e  
c o u ld  have  would th e n  become t h r e e  i n s t e a d  o f  f o u r .  The c a l c u l a t i o n  
o f  Q(n) can  now be  e a s i l y  p e r fo rm ed  by m a t r ix  m ethods . A ga in ,
s e t t i n g  p = 1 i s  r e a s o n a b le  i f  n i s  l a r g e  and o i s  s m a l l .
c a l c u l a t i n g  Q (n ) .  The f o l lo w in g  scheme p r o v id e s  f o r  a l l  s t a t i s t i c a l  
w e ig h ts  t h a t  can  be  e n c o u n te re d  i n  a  p o ly p e p t id e  c h a in  when p = 1.
Q (n ) .
E q u a t io n  7
E q u a t io n  8
M a tr ix  m ethods hav e  b een  d e v i s e d  t o  d e a l  w i th  t h e  p ro b lem  of
h
c 1 os
h i s
The te rm s  1 , s ,  and os a r e  s t a t i s t i c a l  w e ig h ts  f o r  r e s i d u e  i  w hich  can 
be  e i t h e r  h  o r  c  p re c e d e d  by r e s i d u e  i - 1  w hich can b e  e i t h e r  h o r  c . 
T h i s  s c h e m a t ic  l e a d s  t o  t h e  f o l l o w i n g  s t a t i s t i c a l  w e ig h t  m a t r i x :
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U -
1 os 
1 s M atr ix  1
The co n fo rm a tio n a l  p a r t i t i o n  f u n c t io n  can now be c a lc u la te d  f o r  a 
hom opolypeptide of l e n g th  n by th e  fo l lo w in g  method:
Q(n) = £ l  ^  E qua tion  9
The t e r n  Un i s  th e  s t a t i s t i c a l  w eigh t m a t r ix  m u l t i p l i e d  t im es  i t s e l f
n  t im es  and 1 0  and a r e  row and column m a t r i c e s .  The v a lu e  of 
Q(n) c a l c u l a t e d  by t h i s  method w i l l  be i d e n t i c a l  to  t h a t  c a l c u l a t e d  by 
E q u a tio n  4.
I f  t h e r e  e x i s t s  a  m a t r ix
M atr ix  2
such t h a t
where
U = A
A- 1  A *= E =
1
0
0
*2
0
1
.“1
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th e n  th e  e x p r e s s io n  f o r  Q(n) becomes t h e  f o l lo w in g :
Q(n) = [1  0] A- 1
X i 0
A A 1 \  °‘ A . . .  A 1 " X1 ° A
" l
- °  X2- - °  *2- _ o x 2„
_1
n
E q u a t io n  10 can  be  re d u c e d  t o
E q u a t io n  10
Q(n) = | l  0 |  A- 1
n
X1 0 
0 X,
E q u a t io n  11
- 1A and A a r e  found  t o  b e
Vs
1
X2~s"
1
and "  1 C
D 1 V  ^
i
- 1 xr x 2
r e s p e c t i v e l y .  The v a lu e s  o f  X^ and X^* c a l l e d  t h e  e ig e n  v a lu e s  o f  U, 
a r e  d e te r m in e d  t o  b e
_ 1 +  s ± / ( I  -  s )  +  4os 
-  2 E q u a t io n  12
X^ > 1 , and X2 < 1.
X1 “ X2
Equation 13
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6(n) = -  [n Cx1- 1>xr 1“ Xl ]X2 + [n(1“ X2)Xl " 1+X2 U l  h  "  *2
( 1 - X 2 ) X °  +  ( X - j - D x ! )  X 1  "  X 2
E quation  14
As n th e  l i m i t i n g  va lu e  o f  E quation  14 i s
*1 -  16(n) = f, = t--------- r— E qua tion  15h Xx -  x2
and
X
l “  Xu (n )  = q— Equa t i on 162 
and
These l i m i t i n g  e q u a t io n s  can be  used  to  i n t e r p r e t  h e l i x  c o i l
t r a n s i t i o n s  o f  v e ry  long  p o ly p e p t id e  c h a in s .  (See F ig u re  7 .)
The v a lu e  o f  f ^  i s  e x p e r im e n ta l ly  a c c e s s ib l e  and o and s have
been de term ined  (56) f o r  hom opolypeptides  by o b ta in in g  f, over a  rangen
o f  te m p e ra tu re s  and m o le c u la r  w e ig h ts .  This  c a l c u l a t i o n  i s  perform ed 
by f i r s t  assuming a  i s  independen t o f  te m p e ra tu re  and u s in g  curve 
f i t t i n g  d a ta .  A f te r  a f i t  i s  o b ta in e d  o i s  a llow ed  to  be a  fu n c t io n  
o f  te m p e ra tu re  u n t i l  a new a and s a r e  de te rm ined  and th e  I t e r a t i o n  
p ro c e s s  can be perform ed u n t i l  a  f i n a l  v a lu e  o f  o and s  a re  de term ined .
32
F ig u r e  7 . V a lu es  o f  f  c a l c u l a t e d  by E q u a t io n  14 p l o t t e d  a g a i n s t
i n c r e a s i n g  d e g re e  o f  p o ly m e r i z a t i o n  (number o f  r e s i d u e s  
p e r  m o le c u le )  . The l i m i t i n g  v a l u e s  f o r  n ■+■ ® a r e  shown 
a s  h o r i z o n t a l ,  l i n e s .  The v a l u e s  o f  a a r e  i n d i c a t e d  on 
th e  g ra p h .
cr =10'4
s= 1.010
S= 1.005X
<X5
B
m
S=Q.995
S=0.990
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U n f o r t u n a t e l y ,  most h o m o p o ly p ep tid e s  o f  t h e  n a t u r a l l y  
o c c u r r in g  amino a c i d s  do n o t  meet t h e  r e q u i r e m e n ts  o f  b e in g  s o lu b l e  
and u n d e rg o in g  a  h e l i x - c o i l  t r a n s i t i o n  w i t h i n  th e  t e m p e r a tu r e  ra n g e  
o f  l i q u i d  w a te r .  T h e r e f o r e ,  a m o d i f i c a t i o n  o f  th e  Zimm-Bragg t r e a t ­
ment was d e v e lo p ed  by S ch e rag a  and c o -w o rk e rs  (65) to  d e te rm in e  th e  
v a l u e s  o f  a  and s  f o r  t h e  n a t u r a l l y  o c c u r r in g  amino a c id  r e s i d u e s .
T h is  ' 'g u e s t - h o s t ” t e c h n iq u e  employs a random copolym er o f  a w a te r  
s o l u b l e ,  n o n io n ic  amino a c i d  r e s i d u e ,  t h e  h o s t ,  w i th  th e  n a t u r a l l y  
o c c u r r in g  amino a c id  r e s i d u e ,  th e  g u e s t .  In  o r d e r  to  be u sed  th e  
copolym er m ust m eet th e  r e q u i r e m e n ts  o f  s o l u b i l i t y  and m e l t in g  
te m p e r a tu r e  m en tio n ed  above . The h o s t  r e s i d u e s  a r e  th o s e  o f  th e  homo­
p o l y p e p t id e s  PHPG and PHBG, (See Appendix 1 . )  These  h o m o p o ly p ep tid e s  
m eet t h e  r e q u i r e m e n ts  o f  s o l u b i l i t y  and t r a n s i t i o n  t e m p e r a tu r e .  A 
c u r r e n t  l i s t  o f  a and s f o r  amino a c i d  r e s i d u e s  i s  l i s t e d  i n  T ab le  3.
The c o n fo rm a t io n  o f  h o m o p o ly p ep tid e s  i n  s o l u t i o n  can be 
changed  by c h an g in g  sy s tem  c o n d i t i o n s  o f  t e m p e r a t u r e ,  p r e s s u r e  and 
s o l v e n t  c o m p o s i t io n .  I n v e s t i g a t i o n s  o f  t h e s e  t r a n s i t i o n s  have  been  
p e r fo rm e d  e x p e r i m e n t a l l y  and t h e o r e t i c a l l y  ( 1 0 ,4 2 ,4 4 ,6 6 - 8 2 ,8 9 ,9 0 ) .
The e f f e c t s  o f  t e m p e r a t u r e ,  t h e  n e u t r a l  s a l t s ,  CaCl^ and NaClO^, and 
o f  c h a rg ed  d e t e r g e n t s  on t h e  c o n fo rm a t io n  o f  h o m o p o ly p e p t id e s  in  
aqueous  s o l u t i o n s  i s  o f  m a jo r  c o n ce rn  i n  t h i s  d i s s e r t a t i o n .
V a r io u s  t h e o r i e s  c o n c e rn in g  t h e  e f f e c t  o f  s a l t s  on p o ly ­
p e p t i d e  c o n fo rm a t io n  i n  s o l u t i o n  have  been  p u t  f o r t h  (8 3 - 8 8 ) .  The 
two m ost e le m e n ta ry  d i r e c t i o n s  t h a t  t h e s e  t h e o r i e s  can  t a k e  a r e  t h a t  
t h e  s a l t  h a s  a  d i r e c t  e f f e c t  on th e  p o l y p e p t id e  (8 4 ,9 1 )  o r  t h a t  th e
35
T ab le  3. a and s  
a t  2 0 ° C
v a lu e s  o f  amino a c id s  
(57 -63 ,131 -137)
d e te rm in ed t o  d a te  i n  w a te r
Amino Acid a x 10^ s R efe ren ce
Gly 0 .1 0 .5 9 57
S er 0 .75 0 .76 58
Val 1 0 .9 3 62
Glu, pH 8 .0 6 0 .9 7 63
PHPG
00•
IN 0 .9 7 56
PHBG 6 .8 1.02 56
Ala 8 .0 1 .07 59
Phe 18 1 .0 8 61
Leu 33 1 .1 4 60
G lu, pH 2 .3 100 1 .35 63
L y s t+5 1 .0 0 .936 131
Tyr 6 .6 1 .02 132
Asn 0 .095 0 .784 133
Met 51 1 .1 8 134
Arg 0 .0 1 1 .042 135
Asp 70 0 .6 8 136
Thr 0 .1 0 .817 137
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s a l t  c au sed  changes  i n  t h e  s t r u c t u r e  o f  t h e  s o l v e n t  (9 1 ) .  D i r e c t  s a l t  
e f f e c t s  on t h e  p o ly p e p t id e  can be e x p la i n e d  by i n t e r a c t i o n s  w i th  th e  
p e p t i d e  backbone  o r  w i th  t h e  s i d e  c h a in s .  S a l t s  a r e  known t o  i n t e r ­
a c t  e l e c t r o s t a t i c a l l y  w i th  ch arg ed  s id e  c h a in s  ( 9 2 ) .  For exam ple , 
p e r c h l o r a t e  s a l t s  c au se  a  c o i l  t o  h e l i x  t r a n s i t i o n  i n  p o l y - L - l y s i n e  
( 9 3 ) .  However, t h e  e f f e c t s  on ch arg ed  s i d e  c h a in s  a r e  n o t  s u f f i c i e n t  
t o  c a u s e  t h e  d e n a t u r a t i o n  o f  n a t i v e  p r o t e i n s  ( 8 5 ,9 2 ) .  I n v e s t i g a t i o n s  
w i t h  PHEG, PHPG, and PHBG h av e  shown t h a t  t h e  l e n g th e n in g  o f  t h e  
h y d ro p h o b ic  s i d e  c h a in  by one o r  two m e th y len e  g ro u p s  c a u s e s  s i g n i f i c a n t  
e f f e c t s  on c  and s  (9 4 ) .  S a l t s  a l s o  a f f e c t  t h e  h y d ro p h o b ic  s i d e  c h a in s  
by i n c r e a s i n g  t h e i r  a c t i v i t y ,  b u t  such a c t i o n  s h o u ld  cau se  s a l t i n g  
o u t  o f  n a t i v e  s t a t e  p r o t e i n s ,  w hich  i s  n o t  o b s e rv e d  w i th  p o ta s s iu m  
and sodium s a l t s  o f  I  , NO^ , and CIO^ and th e  c h l o r i d e  s a l t s  o f  
Ca2 + , Ba2+, and Mg2+ ( 8 4 ,8 7 ,9 5 - 9 9 ) .
The m ost p l a u s i b l e  t h e o r y  on th e  d i s r u p t i n g  e f f e c t s  by n e u t r a l  
s a l t s  on t h e  sec o n d a ry  s t r u c t u r e s  o f  b o th  n a t i v e  p r o t e i n s  and homo­
p o l y p e p t id e s  i s  t h a t  t h e  s a l t s  i n t e r a c t  t o  v a r y in g  e x t e n t  w i th  t h e  
amide bonds  o f  t h e  p e p t i d e  backbone ( 8 3 - 8 8 ,9 1 ) .  Both c a t i o n s  and 
a n io n s  have  d e m o n s t ra te d  a b i l i t y  t o  d i s r u p t  s e c o n d a ry  s t r u c t u r e  i n  
p o l y p e p t i d e s  ( 8 4 ,9 1 ) .  Such c a t i o n s  a r e  b e l i e v e d  t o  b in d  th e  c a rb o n y l  
p a r t  o f  t h e  amide bond (8 4 ,9 1 )  and a n io n s  a r e  b e l i e v e d  t o  i n t e r a c t  
w i t h  t h e  -NH —  p a r t  ( 8 4 ,9 1 ) .  E v idence  o f  a n io n -a m id e  i n t e r a c t i o n s  
i s  t h a t  l a r g e  a n io n s  b in d  t h e  u n c h a rg e d ,  amide c o n t a i n i n g  p o ly m e r ,  
p o l y v i n y l p y r r o l i d o n e  and p o ly a c r y la m id e ;  t h i s  b in d in g  h a s  been  
a t t r i b u t e d  t o  t h e  i o n - d i p o l e  i n t e r a c t i o n  and van  d e r  W a a l 's  f o r c e s  
(9 5 -1 0 0 ) .
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S a l t s  such  a s  ammonium s u l f a t e  have  lo n g  been used  t o  " s a l t  
o u t"  p r o t e i n s  i n  t h e i r  n a t i v e  c o n fo rm a tio n .  T h is  e f f e c t  i s  v e ry  
d i f f e r e n t  from d e n a t u r a t i o n  and h a s  been a t t r i b u t e d  t o  s e v e r a l  
p r o p e r t i e s  o f  s a l t  s o l u t i o n s ,  among which a r e  w a te r  s t r u c t u r e  changes
(84 .91) and e f f e c t s  o f  s a l t s  on th e  i n t e r n a l  p r e s s u r e  o f  th e  s o lv e n t
(8 4 .9 1 ) .  The q u e s t i o n  o f  w h e th e r  th e  two phenomena— s a l t i n g  ou t and 
d e n a tu r a t i o n — a r e  caused  by th e  same i n t e r a c t i o n s ,  s t i l l  re m a in s .
S o lv e n t  s t r u c t u r e  changes  a r e  an a t t r a c t i v e  e x p la n a t io n  o f  
th e  e f f e c t s  o f  s a l t s  on p r o t e i n  s t r u c t u r e .  S a l t s  t h a t  d e s t r o y  t e t r a ­
h e d r a l  w a te r  s t r u c t u r e  such  a s  NaClO^ d e n a tu r e  p r o t e i n s  and s a l t s  
l i k e  (NH^^SO^ s a l t - o u t  p r o t e i n s .  However i n v e s t i g a t i o n s  have 
i n d i c a t e d  t h a t  some s t r u c t u r e  fo rm ing  i o n s ,  such  as  L i , s a l t - i n  
sm a l l  p o ly p e p t id e s  (8 4 ) ;  how ever, t h e  p e p t id e  used  i n  t h i s  s tu d y ,  
a c e t y l t e t r a g l y c i n e  e t h y l  e s t e r ,  i s  v i r t u a l l y  in c a p a b le  o f  form ing a 
s eco n d a ry  s t r u c t u r e  u n l e s s  a g g re g a te d .  I n f r a r e d  Raman sp e c t ro s c o p y  
h as  shown t h a t  t h e  p e r c h l o r a t e  io n  i s  a  v e ry  s t r o n g  b r e a k e r  o f  th e  
hydrogen bond s t r u c t u r e  o f  w a te r  and t h i s  e f f e c t  i s  s t r i k i n g l y  
s i m i l a r  t o  t h e  e f f e c t  o f  a  l a r g e  i n c r e a s e  i n  t e m p e ra tu re  (1 0 1 ) .  In  
t h e  same work i t  was shown t h a t  t h e  p e r c h l o r a t e  io n  does n o t  form 
hydrogen bonds t o  t h e  w a te r  m o le c u le .
C i r c u l a r  d ic h ro is m  h a s  been  used  t o  s tu d y  c o n fo rm a t io n a l  
changes i n  p o ly p e p t id e s  ( 1 0 ,4 2 ,7 8 ,8 0 ) .  T r a n s i t i o n s  from a - h e l i x  to  
random c o i l  can be  fo l lo w e d  by measurem ent o f  CD a t  222 nm (4 2 ) .
S a l t s  have  d e m o n s tra ted  e f f e c t s  on th e  CD o f  sm a l l  p o ly p e p t id e s  which 
a r e  in c a p a b le  o f  fo rm in g  th e  a - h e l i x  due t o  t h e i r  s m a l l  number of
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r e s i d u e s  (7 8 ) .  T h e r e f o r e ,  c i r c u l a r  d ic h ro ism  h as  been  chosen to  
s tu d y  th e  e f f e c t s  o f  s a l t s  on p o ly p e p t id e  s t r u c t u r e .
D e te r g e n ts  have been  shown to  have e f f e c t s  on b o th  n a t i v e  
p r o t e i n  c o n fo rm a tio n  (102-108) and co n fo rm a tio n  o f  hom opo lypep tides  
(7 2 -7 4 ) .  Sodium do d ecy l s u l f a t e  (SDS) h a s  been  used to  d e n a tu r e  
p r o t e i n s  (102-108) w h i le  I t  h a s  a l s o  been shown to  in d u ce  seconda ry  
s t r u c t u r e  i n  p o s i t i v e l y  charged  hom opolypep tides  (7 2 -7 4 ) .  SDS has  
l i t t l e  e f f e c t  on th e  seco n d a ry  s t r u c t u r e  o f  n e g a t i v e l y  charged  and 
n e u t r a l  hom opo lypep tides  (1 0 9 -1 1 1 ) .  The in d u c t io n  o f  th e  a - h e l i x  in  
p o ly -L -g lu ta m a te  by dodecy lam ine  h a s  been  r e p o r te d  and i s  in c lu d e d  in  
t h i s  d i s s e r t a t i o n .  The change i n  charged  hom opolypep tide  co n fo rm a tio n  
ind u ced  by b o th  SDS and d ocecy lam ide  o c c u rs  n e a r  a r a t i o  o f  1 :1  o f  
d e t e r g e n t  t o  r e s id u e  and e l e c t r o s t a t i c  b in d in g  o f th e  d e t e r g e n t  to  
th e  charg ed  s i d e  c h a in  has  been  im p l ic a te d  (1 1 2 ,1 1 3 ) .
In  t h i s  d i s s e r t a t i o n  PHEG, PHPG, PHBG and Ac(Ala)^0Me have 
been  used  to  i n v e s t i g a t e  th e  e f f e c t s  o f  C aC ^  and NaClO^ on secondary  
p o ly p e p t id e  s t r u c t u r e .  P a r t i c u l a r  a t t e n t i o n  h as  been p a id  to  th e  
ten d en c y  o f  low c o n c e n t r a t i o n s  o f  NaClO^ to  cau se  i n c r e a s e  i n  th e  
f r a c t i o n  h e l i x  o f  PHEG, PHPG and PHBG. B ind ing  c o n s ta n t s  f o r  C aC ^  
and NaClO^ have  b een  e s t i m a te d  and an e x p la n a t io n  o f  th e  e f f e c t  o f  
NaClO^ on th e s e  t h r e e  homopolymers w i l l  be  s u g g e s te d .  The e f f e c t s  of 
SDS on charg ed  p o l y - L - h i s t i d i n e  and o f  CTAC1 and dodecy lam ine  on p o ly -  
L -g lu ta m a te  have a l s o  been  i n v e s t i g a t e d .
Chapter II
EXPERIMENTAL
M a t e r i a l s
Sodium p e r c h l o r a t e  used  f o r  e x p e r im e n ta l  p u rp o s e s  was r e a g e n t  
g ra d e  o b ta in e d  from  G. F r e d e r i c k  Sm ith  Chem ical Co. D i l u t i o n s  f o r  
s p e c t r o p o l a r i m e t r i c  m easurem ents  w ere  made from s to c k  s o l u t i o n s  o f
2 .0  M and 6 .0  M. The 6 M s to c k  s o l u t i o n  was made by d i s s o l v i n g
2 4 .5  g o f  NaClO^ i n  20 ml o f  d i s t i l l e d  w a te r  and d i l u t i n g  to  25 ml.
C alcium  c h l o r i d e  was p u rc h a se d  from  M atheson , Coleman and B e l l ,
M a n u fa c tu r in g  C h em is ts .  A s a t u r a t e d  s o l u t i o n  a t  25°C was p r e p a r e d .
T h is  s o l u t i o n  h a s  a c o n c e n t r a t i o n  o f  6 .1  M. F u r t h e r  d i l u t i o n s  were
made from t h i s  s t o c k  s o l u t i o n .  SDS ( a b b r e v i a t i o n s  a r e  l i s t e d  i n
Appendix I )  was o b ta in e d  from BioRad L a b o r a t o r i e s  and r e c r y s t a l l i z e d
from w a t e r - e t h a n o l  b y  W il l ia m  H. H a r r i s o n .  A 1% s t o c k  s o l u t i o n  o f 
-2SDS (3 .4 7  x  10 M) was p re p a re d  from  t h e  r e c r y s t a l l i z e d  p r o d u c t .
F u r t h e r  d i l u t i o n s  w ere  made from t h i s  s t o c k  s o l u t i o n ,  D odecylam ine
(98%) was p u rc h a s e d  from  A ld r ic h  Chem ical Company, I n c .  A 
_2
1 .0  x 10 M s t o c k  s o l u t i o n  was p r e p a r e d  by  d i s s o l v i n g  0 .4 7  g o f
_2do d ecy lam in e  i n  50 m l o f  10 M HC1 and d i l u t i n g  t o  100 m l. TRIS 
was o b ta in e d  from  F i s h e r  S c i e n t i f i c  Co. A l l  m easurem ents  o f  t h e  
e f f e c t s  o f  d o d ecy lam in e  on th e  c o n fo rm a t io n  of p o ly (G lu )  a t  pH 7 .6
f
w ere  made i n  0 . 1  M TRIS.
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The s y n t h e t i c  p e p t i d e s  u sed  i n  t h e s e  s t u d i e s  w e re  a l l  formed 
from  L-amino a c i d s .  P o ly (G lu )  s t u d i e s  a s  a f u n c t i o n  o f  pH w ere 
p e r fo rm ed  w i th o u t  b u f f e r  w i th  a pH check  im m e d ia te ly  b e f o r e  and 
a f t e r  each  sp ec tru m . The pH m easurem ents  w ere  made w i th  a  Beckman 
3500 pH m e te r .  C e ty l  trim ethylam m onium  brom ide  (CTAB) was o b ta in e d  
from  Sigma Chem ical Company. The CTAB was c o n v e r te d  t o  t h e  c h lo r id e  
by t h e  f o l lo w in g  p r o c e d u r e :  A p p ro x im a te ly  60 ml o f  1% CTAB-HjO
s o l u t i o n  was p la c e d  i n  a  segm ent o f  1- i n c h  d ia m e te r  d i a l y s i s  tu b in g .  
The tu b in g  was t i e d  a t  b o th  en d s  w i th  a s  much a i r  a s  p o s s i b l e  
removed a s  t h e  seco n d  end was t i e d .  The d i a l y s i s  t u b i n g  was o b ta in e d  
from S a rg en t-W e lch  S c i e n t i f i c  Co. I t  was p r e t r e a t e d  by  b o i l i n g  in  
d i l u t e d  ^ 200^ fo l lo w e d  by s t o r a g e  i n  p ro p a n o l .  The CTAB was 
d i a l y z e d  a g a i n s t  3 1 o f  3 M NaCl ( r e a g e n t  g rad e  from  M atheson ,
Coleman and B e l l ,  M an u fa c tu r in g  C h em is ts )  f o r  two d a y s .  E xcess  NaCl 
was removed by d i a l y z i n g  a g a i n s t  d i s t i l l e d  w a te r  f o r  one d ay . The 
s o l u t i o n  re m a in in g  i n  t h e  tu b e  was l y o p h i l i z e d  u s in g  a  d ry  i c e -  
d i e t h y l e n e  g l y c o l  m onobuty l e t h e r  t r a p .  U l t r a v i o l e t  a b s o r p t i o n  a t
1 9 9 .5  nm i n d i c a t e d  l e s s  th a n  2% brom ide  i n  th e  r e s i d u e  (1 1 4 ) .  A
0 .0 1  M s o l u t i o n  o f  CTAC1 was p r e p a r e d  by d i l u t i n g  0 .3 2  g o f  CTAC1 
t o  100 ml w i th  d i s t i l l e d  w a te r .  S u b seq u en t d i l u t i o n s  f o r  s p e c t r o -  
p o l a r i m e t r i c  s t u d i e s  w ere  made from t h i s  s t o c k  s o l u t i o n .
PBG was p u rc h a se d  from  P i e r c e  Chem ical Company, who r e p o r t e d
3
i t  t o  hav e  a  m o le c u la r  w e ig h t  o f  200-400 x  10 d a l t o n s .  D ioxane was 
p u rc h a s e d  from  M atheson S c i e n t i f i c  Co. and r e d i s t i l l e d  by  Don C la rk .  
The r e a g e n t  4 -a m in o b u ta n o l  was p u rc h a s e d  from  P f a l t z  C hem ica l Co.
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and was r e d i s t i l l e d  u n d e r  vacuum a t  71°C u s in g  a d ry  i c e - d i e t h y l e n e
g ly c o l  m onobutyl e t h e r  t r a p  and a w a te r - c o o le d  c o n d en se r .  Vacuum
was p ro v id e d  by a S c i e n t i f i c  P ro d u c ts  p i s t o n  vacuum pump.
PHBG was p re p a re d  from PBG by th e  fo l lo w in g  m o d if ie d  method
of Lothan e t  a t . (1 1 0 ) :  Three hundred s e v e n te e n  m i l l i g r a m s  o f  PBG
was d i s s o lv e d  in  one ml o f  d ioxane  in  a 50 ml r e a c t i o n  v i a l .  Three
m i l l i l i t e r s  o f  4 -am in o b u tan o l  and an a d d i t i o n a l  0 .5  ml o f  d ioxane  was
added t o  th e  r e a c t i o n  v i a l .  The r e a c t i o n  m ix tu re  was s t i r r e d
m a g n e t i c a l ly  in  th e  s e a le d  v i a l  in  a 6 0 °C w a te r  b a th  and a llow ed  to
r e a c t  f o r  one week. The r e a c t i o n  m ix tu re  was th e n  p o u red  i n t o  20 ml
o f  c h lo ro fo rm  i n  w hich t h e  PHBG p r e c i p i t a t e d  as a w a x - l ik e  s u b s ta n c e .
The p r e c i p i t a t e  was washed t h r e e  t im e s  w i th  e t h e r  and d i s s o lv e d  in
20 ml o f  d i s t i l l e d  w a te r .  The s o l u t i o n  was d ia ly z e d  a g a i n s t  2000 ml
of d i s t i l l e d  w a te r  w hich was changed tw ic e  d a i l y  f o r  f i v e  days . I t
was th e n  f i l t e r e d  th ro u g h  a 1 .2  m icron  M i l l i p o r e  f i l t e r  and
l y o p h i l i z e d  u s in g  a d ry  i c e - d i e t h y l e n e  g ly c o l  m onobuty l e t h e r  t r a p .
The w e ig h t  o f  th e  re c o v e re d  p ro d u c t  was 0 .2  g which was a y i e l d  o f
70%. By u l t r a v i o l e t  a b s o r p t io n  m easurem ents  a t  258 nm th e  p ro d u c t
was shown t o  c o n ta in  l e s s  th a n  0.5% b e n z y l  group (1 1 5 ) .
PHEG was p re p a re d  by J .  T. Lo (1 1 6 ) .  The m o le c u la r  w eigh t
3
o f  t h e  PHEG was 200-400 x 10 d a l t o n s .  PHPG was p u rc h a se d  from th e
U n ited  S t a t e s  B io ch em ica l Company. The company c la im ed  th e  m o le c u la r
w e ig h t  t o  b e  7 .5  x 10^ d a l t o n s .  P o ly (H is )  and P o ly (G lu )  were
p u rc h a se d  from Sigma Chem ical Co. The m o le c u la r  w e ig h ts  were r e p o r te d
A Aby Sigma t o  be 1 .6  x  10 and 9 .8  x 10 d a l to n s  r e s p e c t i v e l y .  Sigma
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i n d i c a t e d  th e  m o lecu la r  w eigh t o f  th e  po ly(G lu) was de term ined  by 
v i s c o s i t y  methods. The o l ig o p e p t id e ,  ActAlaJ^OMe, was o b ta in e d  from 
Cyclo Chem ical, D iv is io n  o f  T raveno l L a b o r a to r i e s ,  In c .
U n less  o th e rw ise  s t a t e d ,  th e  m olar c o n c e n t r a t io n s  of p o ly ­
p e p t id e  s to c k  s o l u t i o n s  were de te rm ined  by add ing  th e  a p p r o p r ia te  
amount o f  d i s t i l l e d  w a te r  to  weighed amounts o f  th e  p o ly p e p t id e s  in  
a  v o lu m e tr ic  f l a s k .  The c o n c e n t r a t io n  of th e  p o ly (H is )  s to c k  
s o lu t io n  was de te rm ined  by amino a n a ly s i s  by Dr. E. W. Blakeney and 
th e  po ly (G lu ) s to c k  c o n c e n t r a t io n  was de te rm ined  by u l t r a v i o l e t  
a b s o r p t io n  a t  197 and 205 nanom eters  (117) . The c o n c e n t ra t io n  of 
amino a c id  r e s id u e  used  in  th e  CD measurements ranged from
4 .4  x  10 M to  1 .8  x 10 ^ M.
O p t ic a l  A c t i v i t i e s
A Durrum -Jasco Model J -2 0  r e c o rd in g  s p e c t r o p o la r lm e te r  was
used to  measure c i r c u l a r  d ich ro ism . C a l ib r a t io n  o f  th e  in s tru m e n t
was perform ed  by u s in g  D -10 -cam phorsu lfon ic  a c id  i n  w a te r .  The
2
m olar e l l i p t i c i t y  o f  t h i s  corapount i s  7260 deg cm /dmole a t  291 nm 
a t  25°C. Measurements were perform ed in  c a l i b r a t e d  q u a r tz  c e l l s  
which had p a th  l e n g th s  ran g in g  from 0 .1  t o  10 mm. C e l l  te m p e ra tu re  
was m a in ta in ed  u s in g  a c i r c u l a t i n g  w a te r  b a th  connected  to  a b r a s s  
w a te r  j a c k e t  t h a t  su rro u n d s  th e  c e l l  d u r in g  o p e r a t io n .  C e l l  
te m p e ra tu re  was de te rm in ed  by a  YS1 Model Y2SC te le th e rm o m e te r  w ith  
therm ocoup le  p la ce d  in  th e  c e l l  b e fo re  and a f t e r  each  spectrum . Mean 
r e s id u e  e l l i p t i c i t y  o f  th e  p o ly p e p t id e s  s tu d ie d  was c a l c u l a t e d  acco rd ­
in g  t o  th e  fo l lo w in g  fo rm u la :
44
[0 j = ~ B^Mrw E q u a t io n  18
l c
2
[ 0] i s  th e  mean r e s i d u e  e l l i p t i c i t y  i n  u n i t s  o f  deg cm /dm ol. 
f  i s  an in s t ru m e n t  c a l i b r a t i o n  f a c t o r  (n o rm a lly  = 1 . 0 ) .  
s  i s  th e  s c a l e  am p li tu d e  f a c t o r  in  m i l l i d e g r e e s / c m .
E i s  th e  e x p e r im e n ta l  d e f l e c t i o n  i n  c e n t i m e te r s .
B i s  th e  b a s e l i n e  d e f l e c t i o n  in  c e n t im e te r s .
i s  th e  a v e rag e  m o le c u la r  w e ig h t  o f  th e  r e s id u e s  o f  th e  p o ly p e p t id e .
1 i s  t h e  l i g h t  p a th  i n  m i l l i m e t e r s ,  
c i s  th e  c o n c e n t r a t i o n  o f  th e  p o ly p e p t id e  i n  mg/ml.
U l t r a v i o l e t  A b so rp t io n
A l l  UV a b s o r p t io n  s p e c t r a  were o b ta in e d  from a  Carey-14 
sc a n n in g  s p e c t ro p h o to m e te r  in  1 .0  cm q u a r tz  c e l l s  a t  room te m p e ra tu re .
C a l c u la t io n  o f  F r a c t i o n  H e l ix
F r a c t io n  h e l i x  i s  th e  a c c e s s i b l e  e x p e r im e n ta l  q u a n t i t y  in  
t h i s  s tu d y .  I t  can be  c a l c u l a t e d  from th e  f o l lo w in g  e q u a t io n :
[6lp -  [0]r
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The te rm  f. i s  t h e  f r a c t i o n  h e l i x .  [03~ i s  t h e  e x p e r im e n ta l  v a lu e  h
f o r  mean r e s id u e  e l l i p t i c i t y  a t  a  s p e c i f i e d  w av e le n g th .  [0 ] c i s  t h e  
mean r e s id u e  e l l i p t i c i t y  o f  t h e  c o m p le te ly  random c o i l  a t  t h e  same 
w a v e le n g th ,  t e m p e r a tu r e ,  and s o lv e n t  c o n d i t i o n s .  [ 9 i s  th e  mean 
r e s id u e  e l l i p t i c i t y  o f  a  p e p t id e  t h a t  i s  c o m p le te ly  h e l i c a l .  A l l  
c a l c u l a t i o n s  o f  f r a c t i o n  h e l i x  i n  t h i s  s tu d y  make use  o f  th e  mean 
r e s id u e  e l l i p t i c i t y  a t  222 nm. an<* ^ C  were d e te rm in ed  a t
222 nm. The w av e len g th  222nm was s e l e c t e d  b ecau se  t h e  a - h e l i x
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d i s p l a y s  a  s t r o n g  n e g a t i v e  CD band a t  t h a t  w a v e le n g th  ( 4 2 ) .  P e p t i d e s  
b e l i e v e d  t o  be  i n  t h e  random c o i l  c o n fo rm a t io n  show s m a l l  p o s i t i v e ,  
z e r o  o r  s m a l l  n e g a t i v e  CD a t  222 nm (4 2 ,1 1 3 ) .  The s t r o n g  n e g a t i v e  
minimum a t  222 nm i s  b e l i e v e d  t o  be due t o  t h e  n-ir* t r a n s i t i o n  o f  th e  
amide g ro u p s  i s  t h e  a - h e l i c a l  c o n f i g u r a t i o n  (1 1 9 ) .
[0] h a s  b e en  e s t i m a te d  from th e  CD s p e c t r a  o f  t h e  o l ig o m e r
Ac(Ala)^OMe. T h is  p e p t i d e  i s  to o  s h o r t  t o  form th e  f i r s t  hyd rogen
bond o f  t h e  a - h e l i x  (7 8 ) ;  t h e r e f o r e ,  i t  i s  assumed t o  h av e  th e
o p t i c a l  a c t i v i t y  o f  t h e  random c o i l  a t  a l l  t e m p e r a tu r e s  and s a l t
c o n c e n t r a t i o n s .  The r e s i d u e  w e ig h t  i s  c o n s id e r e d  t o  be t h e  m o le c u la r
w e ig h t  d i v i d e d  by th e  t o t a l  number o f  amide and e s t e r  c a r b o n y l  g ro u p s
p r e s e n t  i n  t h e  o l ig o m e r  ( 7 8 ) .  D iv i s io n  o f  t h e  m o le c u la r  w e ig h t  o f
A ^ A la ^ O M e  by f o u r  y i e l d s  t h e  a v e ra g e  w e ig h t  p e r  chrom ophore . The
v a lu e s  o f  [ 6)222  ^o r  Ac(Ala)gOMe a t  v a r i o u s  t e m p e r a tu r e s  compare w e l l
w i th  t h o s e  o f  PHEG ( 7 8 ,1 2 0 ,1 2 1 ) ,  a po ly m er t h a t  i s  c o n s id e r e d  t o  be
a lm o s t  e n t i r e l y  random c o i l  i n  aqueous s o l u t i o n  (1 2 0 ) .  B ecause  i t  i s
im p o s s ib le  f o r  Ac(Ala)^0Me t o  form  a h e l i c a l  s t r u c t u r e ,  t h e  s a l t
e f f e c t s  on t h e  random c o i l  p o l y p e p t id e  can  be  i n f e r r e d  from t h e
e f f e c t s  o f  s a l t s  on t h i s  o l ig o m e r .  The e f f e c t  o f  NaCIO on
4
Ac(Ala)^0Me h a s  b een  i n v e s t i g a t e d  (78) and t h e  r e s u l t s  from  t h i s  
work have  been  u sed  t o  ap p ro x im a te  t h e  e f f e c t s  o f  NaClO^ on t h e  
r a n d o m -c o i l  p o l y p e p t i d e  ( F ig u re  8 ) .  E x p e r im e n ta l  r e s u l t s  o f  t h e  
i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  C aC ^  on A ^ A la ^ O M e  a t  v a r i o u s  
t e m p e r a t u r e s  w ere  o b ta in e d  a s  p a r t  o f  t h i s  s tu d y .  [ 0 ] f o r  t h e\j 6
d e t e r g e n t  e f f e c t  a r e  t a k e n  from  th e  p l o t  o f  t h e  p l o t  o f  t e m p e r a tu r e  
v e r s u s  E 91222 ^ rom t *ie work o f  M a t t i c e  (7 8 ) .
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The mean r e s id u e  e l l i p t i c i t y  o f  t h e  a - h e l i x  was assumed to  
A 2be  - 4 .0 7  x 10 cm deg /dm ole  a t  222 nm. T h is  v a lu e  was t a k e n  from  
t h e  sp e c tru m  o f  p o ly (G lu )  a t  pH 2 .7  a t  25°C. T h is  v a lu e  i s  
s l i g h t l y  g r e a t e r  i n  m ag n itu d e  (a p p ro x im a te ly  10%) th a n  a v e ra g e  
v a l u e s  o f  th e  mean r e s i d u e  e l l i p t i c i t y  f o r  c o m p le te ly  h e l i c a l  homo­
p o l y p e p t id e s  i n  w a te r  (4 2 ,1 1 8 ) .
C a l c u l a t i o n  o f  M ola l A c t i v i t i e s
When d i l u t i o n  o f  a s to c k  s o l u t i o n  i s  u se d  t o  o b t a i n  
e x p e r im e n t a l  s o l u t i o n s ,  th e  new c o n c e n t r a t i o n s  sh o u ld  be c a l c u l a t e d  
i n  m o la l  u n i t s  s i n c e  d e t e r m in a t io n s  o f  m o l a l i t y  o f  th e  s o l u t i o n s  
would r e q u i r e  know ledge o f  th e  d e n s i t y  o f  b o th  s t o c k  s o l u t i o n  and 
s o l v e n t .  A c t i v i t y  c o e f f i c i e n t s  have  p r e v i o u s l y  been  c a l c u l a t e d  f o r  
m o la l  c o n c e n t r a t i o n s  ( 122 ) ;  t h e r e f o r e  i t  i s  n e c e s s a r y  to  change th e  
e x p e r im e n ta l  m o la r  c o n c e n t r a t i o n s  to  m o la l  c o n c e n t r a t i o n s .  The 
r e l a t i o n s h i p  be tw een  m o l a l i t y  and m o l a r i t y  can b e  e x p r e s s e d  as  
f o l l o w s :
m = i n n n j ^ M  «, E q u a t io n  20lOOOd -  M*Mw n
The te rm s  M, m, Mw and d a r e  m o l a r i t y ,  m o l a l i t y ,  m o le c u la r  w e ig h t  and 
d e n s i t y  r e s p e c t i v e l y .  The m o l a r i t y  i s  known from th e  e x p e r im e n ta l  
d i l u t i o n  o f  t h e  s t o c k  s o l u t i o n .  D e n s i ty  was i n t e r p o l a t e d  o r  
e x t r a p o l a t e d  from  t a b l e s  o f  d e n s i t i e s  o f  e l e c t r o l y t e  s o l u t i o n s  found 
i n  I n t e r n a t i o n a l  C r i t i c a l  T a b le s  (1 2 3 ) .  The c o n c e n t r a t i o n s  from 
t h e s e  t a b l e s  m ust be  c o n v e r te d  from  p e r c e n t  by w e ig h t  t o  m o l a r i t y  f o r
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The te rm  u i s  t h e  number o f  m oles  o f  io n s  form ed by  th e  i o n i z a t i o n  
o f  one mole o f  s o l u t e .  Now, r e a r r a n g i n g  E q u a t io n  25 , we have
6 I n  y ± 
6 T uRT
JL_ l  
2 LT E q u a t io n  26
w hich  when i n t e g r a t e d  from  to  y i e l d s  t h e  f o l l o w i n g :
In  y + T298
E q u a t io n  27
The e q u a t io n  above l e a d s  t o  t h e  f o l l o w in g  e x p r e s s i o n  f o r  In  y + w hich  
can be  u sed  t o  c a l c u l a t e  t h e  new v a lu e  o f  y+ a t  any te m p e r a tu r e :
l n  y ±T = l n  y ±298
_ L
UR
(T -2 9 8 )(L 2-2 9 8 J )  _
29 8T + J  l n  298
E q u a t io n  28
The v a l u e s  o f  I^ g g  and J  up t o  2 .0  m f o r  CaCl2 have  b een  t a b u l a t e d  
(1 2 5 ) .  However t h e  v a l u e s  o f  I^ g g  and J  f o r  NaClO^ have  n o t  b een  
c a l c u l a t e d  and a n o th e r  m ethod had t o  be  found  f o r  c a l c u l a t i n g  a c t i v i t y  
c o e f f i c i e n t s  f o r  NaClO^ a t  t e m p e r a tu r e s  o t h e r  th a n  2 5 °C. The a c t i v i t y  
c o e f f i c i e n t s  o f  NaClO^ a t  f r e e z i n g  from  0 .0 5  m t o  1 .1  m have  been  
d e te rm in e d  (1 2 6 ) .  By assum ing  t h a t  o f  E q u a t io n  7 i s  c o n s t a n t ,  
v a l u e s  o f  l n  y + o f  NaClO^ can  be  e x t r a p o l a t e d  and i n t e r p o l a t e d  from  
a  p l o t  o f  l n  *y+ o f  NaClO^ v s  1 /T . S in c e  ln  y+ a t  25°C and a t
u se  in  E quation  E2. The co n v ers io n  from p e rc e n t  c o n c e n t r a t io n  to  
m o la r i t y  i s  g iv en  by th e  fo l lo w in g  e q u a t io n :
E quation  21
The term  c i s  th e  c o n c e n t r a t io n  in  w eigh t p e rc e n t  d e f in e d  as
w t.  o f  s o l u t e  x 100% E quation  22wt. of s o lu t e  + w t. of s o lv e n t
Once m o la l i t y  has been  de te rm ined  th e  m o la l  a c t i v i t y  c o e f f i c i e n t  fo r  
CaCl2 and NaClO^ a t  25 °C can be o b ta in e d  from t a b l e s  (124,125)
The a c t i v i t y  c o e f f i c i e n t s  a t  th e  e x p e r im e n ta l  c o n c e n t r a t io n s  can be 
i n t e r p o l a t e d  o r  e x t r a p o la t e d  from th e  in fo rm a t io n  in  th e  t a b l e .
V alues o f  th e  a c t i v i t y  c o e f f i c i e n t ,  y+> a t  te m p e ra tu re s  o th e r  than  
25°C can be c a l c u l a t e d  (125). I f  i s  th e  p a r t i a l  m o la l  h e a t  co n ten t  
a t  te m p e ra tu re  T and J  i s  th e  p a r t i a l  m o la l  h e a t  c a p a c i ty  o f  the  
s o lu t e  which i s  indep en d en t of te m p e ra tu re ,  th en  L^ , and J  a re  
r e l a t e d  a s  fo l lo w s :
P
E quation  23
which upon i n t e g r a t i o n  y i e l d s :
LT = L2 + J (T  -  T2 ) E quation  24
By d e f i n i t i o n :
Equation 25
P
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f r e e z i n g  o f  NaClO^ i s  known, th e n  th e  v a l u e s  of l n  y+ o f  NaClO^ a t
o t h e r  t e m p e r a t u r e s  can  be e s t i m a t e d .  In  o r d e r  t o  c a l c u l a t e  v a lu e s
o f  ln  y+ o f  NaClO^ a t  c o n c e n t r a t i o n s  g r e a t e r  th a n  1 .1  m t h e  v a lu e s  o f
ln  y+ o f  NaClO^ a t  70°C were e x t r a p o l a t e d  t o  h ig h  c o n c e n t r a t i o n s  and
i n  c o n ju n c t io n  w i th  l n  y+ a t  25°C used  t o  e x t r a p o l a t e  and i n t e r p o l a t e  
v a l u e s  a t  o t h e r  t e m p e r a t u r e s .
P ro c e d u re s
The e f f e c t s  o f  s a l t s  and te m p e r a tu r e  on t h e  c o n fo rm a t io n  o f 
s y n t h e t i c  h o m o p o ly p e p t id e s  was i n v e s t i g a t e d  by o b t a i n i n g  th e  fo l lo w in g  
CD s p e c t r a  o r  m easurem en ts  a t  222 nm:
1. D e te r m in a t io n  o f  [ 0 ] 2 2 2 ° f O * 3O mg/ml s o l u t i o n  of 
Ac(Ala)^OMe i n  H^O and i n  1 .0  M, 2 .0  M, 4 .0  M, and 5 .4  M C aC ^  a t  
5°C, 25°C, 40°C, and 65°C. The m easurem ents  w ere  p e rfo rm ed  u s in g  a
1 .0  mm l i g h t  p a t h  and  CD s c a l e  o f  5 m°/cm.
2 . D e te r m in a t io n  o f  [ 0 ]222  0*031 mg/ml PHPG, 0 .0 3 0  mg/ml
PHEG, and  0 .0 3 0  mg/ml PHBG i n  H^O and i n  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  
o f  NaC104 : 0 .0 5  M, 0 . 1  M, 0 .1 5  M, 0 .2  M, 0 .3  M, 0 .4  M, 0 .8  M,
1 .0  M, 1 .5  M, 2 .0  M, 3 .0  M, 4 .0  M, 5 .0  M, and 5 . 4  M. The te m p e r a tu r e s
o f  t h e  m easurem ents  o f  PHPG w ere  5°C , 15°C, 25 6 C, 4 0 °C, 5 5 °C and 
70°C. T em p e ra tu re s  o f  t h e  PHEG m easurem ents  w ere  5 .5 ° C ,  25°C,
4 0 .5 °C , and 64°C. T e m p e ra tu re s  o f  t h e  PHBG m easurem ents  w ere  5°C,
25°C, 39°C, 55°C, and 71°C. PHEG d a t a  were n o t  c o l l e c t e d  a t  5 .0  M
NaClO^. A 1 .0  cm l i g h t  p a th  and 5 m°/cm s c a l e  w ere  u sed .
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3. I®^222 V£lS d e te rm in e d  f ° r  0*310 mg/ml PHPG and PHBG in  
H^O and 0 .1 2  m, 0 .3 0  m, 0 .1 6  m, 1 .2 5  m, 2 .5  m, 4 .0  m, 5 .4  m, and 6 .5  m 
C a C ^ .  CD d a t a  f o r  PHBG were o b ta in e d  a t  5°C, 40°C, and 65°C. The 
m easurem ents  o f  PHPG w ere  made a t  5°C, 25°C, 40°C, and 65°C. At 25°C 
CD d a ta  f o r  PHBG were d e te rm in ed  f o r  0 .1  m, 0 .2  m, 0 .5  tn, 1 .1  m,
1 .6  m, 2 .2  ra, 2 .5  m, 3 .0  m, 3 .3  m, and 3 .8  m CaCl^* The CD s c a l e  was 
5 m°/cm and th e  l i g h t  p a th  was 1 .0  mm.
4 . CD s p e c t r a  o f  p o ly (H is )  i n  th e  p re s e n c e  o f  SDS and 
p o ly (G lu )  i n  th e  p re s e n c e  o f  CTAC1 and DA were under  th e  fo l lo w in g
_3
c o n d i t i o n s :  a .  Po ly  (H is)  s p e c t r a  were ru n  i n  HgO (10 M HC1,
pH 3 .4 )  and i n  th e  same s o l v e n t  w i th  SDS i n  m o la r  r a t i o s  o f  0 .3 ,  0 .6 ,
0 .9 3 ,  1 .0 8 ,  1 .8 6 ,  and 9 .3 .  The p o ly (H is )  c o n c e n t r a t i o n  was 
-40 .9 0  x 10 M. The s p e c t r a  w ere  run  a t  25“C w i th  CD s c a l e  2 m°/cm
and l i g h t  p a th  2 .0  cm. b .  P o ly (G lu )  s p e c t r a  w ere  o b ta in e d  f o r  
—4 .4  x  10 M p o ly (G lu )  i n  aqueous TRIS (0 .0 1  M) a t  pH 7 .6  and i n  th e
-4same s o lv e n t  w i th  th e  fo l lo w in g  c o n c e n t r a t i o n s  o f  DA: 2 x 10 M,
~4 - 61 x  10 M, and 5 x 10 M. The s p e c t r a  o f  p o ly (G lu )  in  H^O a s  a
f u n c t io n  o f  pH were o b ta in e d  f o r  pH v a l u e s :  3 .1 ,  3 .6 2 ,  4 .5 2 ,  6 .2 3 ,
6 .2 5 ,  6 .7 5 ,  7 .1 5 ,  7 .6 ,  1 0 .8 ,  5 .8 4 ,  and 6 .2 7 .  CD s p e c t r a  o f
-2  -4p o ly (G lu )  w ere  o b ta in e d  i n  1 .0  x  10 M and 3 .0  x  10 M CTAC1 a t
pH v a lu e s ;  3 . 0 ,  4 . 0 ,  5 . 0 ,  6 .3 ,  6 . 6 , 7 .8 ,  9 .0 ,  1 0 .0  and 2 .7 5 ,  3 .2 ,
3 . 9 ,  4 .3 ,  6 .3 ,  3 .5 ,  5 .0  r e s p e c t i v e l y .  The te m p e r a tu r e ,  l i g h t  p a th ,
and s c a l e  f o r  a l l  o f  th e  p o ly (G lu )  s p e c t r a  were 25°C, 1 .0  cm, and
5 m°/cm r e s p e c t i v e l y .
Chapter III
RESULTS
A c t i v i t y  C o e f f i c i e n t s  o f  NaClO^ and CaCl2
F ig u r e  9 shows t h e  dependence  o f  th e  a c t i v i t y  c o e f f i c i e n t s  on 
c o n c e n t r a t i o n  o f  t h e  s a l t  a t  25°C. (See C h ap te r  I I  f o r  s o u rc e  o f  
a c t i v i t i e s . )  The a c t i v i t y  c o e f f i c i e n t  o f  NaClO^ does  n o t  become 
g r e a t e r  th a n  1 .0  w i th  a minimum a b o u t  2 m, b u t  t h a t  o f  C aC ^  h a s  a 
minimum a t  ab o u t 0 .6  m and i n c r e a s e s  to  beyond 40 a t  h ig h  c o n c e n t r a ­
t i o n s  .
C i r c u l a r  S ic h ro i s m  o f  PHBG
The CD sp ec tru m  o f  PHBG i n  H2O from 260 nm t o  200 nm a t  
t e m p e r a t u r e s  from  5°C to  70° C i s  shown i n  F ig u r e  10. At low 
te m p e r a t u r e s  t h i s  po lym er e x h i b i t s  l a r g e  n e g a t i v e  b an d s  a t  208 nm and 
222 nm and i s  r i s i n g  to  a  l a r g e  p o s i t i v e  band below  200 nm. T here  i s  
a  l o c a l  maximum a t  214 nm w hich  i s  l o c a t e d  be tw een  th e  two n e g a t i v e
JL
b a n d s .  The l a r g e  n e g a t i v e  band a t  222 nm i s  due t o  t h e  n - r  e l e c t r o n i c  
t r a n s i t i o n s  o f  t h e  p e p t i d e  u n i t s  t h a t  a r e  i n  t h e  a - h e l i c a l  c o n fo rm a t io n  
(4 2 ) .  The 208 nm n e g a t i v e  band and th e  l a r g e  p o s i t i v e  band below 
200 nm a r i s e  from  u-n*  e l e c t r o n i c  t r a n s i t i o n s  o f  p a r a l l e l  and p e rp e n ­
d i c u l a r  e l e c t r o n i c  bands  r e s p e c t i v e l y  ( 9 ) .  As th e  t e m p e r a tu r e  i s  
r a i s e d ,  t h e  two n e g a t i v e  bands  d e c r e a s e  i n  i n t e n s i t y  and th e  r i s e  a t  
200 nm d i s a p p e a r s ,  m aking  th e  l o c a l  maximum a t  214 nm more d i s t i n c t .
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F ig u r e  9 .  A c t i v i t y  c o e f f i c i e n t  ( l n  y ±) p l o t t e d  a g a i n s t  m o l a l i t y  o f  
CaCl^ and NaClO^.
In 
y±
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NaOia
Molality
54
V
F ig u r e  10. CD s p e c t r a  o f  PHBG i n  H2O a t  5°C, 25°C, 40°C, and 70°C 
p l o t t e d  a s  [6 ] ,  deg-cm /dm ol v e r s u s  w a v e le n g th ,  nm.
« « I J _____ L__
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CaCl2 has  t h e  same e f f e c t  a s  a  l a r g e  I n c r e a s e  I n  t e m p e ra tu re  
on th e  sp ec tru m  o f  PHBG. The e f f e c t  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  
CaCl2 on t h e  CD sp ec tru m  o f  PHBG i s  r e p r e s e n t e d  i n  F ig u r e  11 . On th e  
o t h e r  h and , a d d i t i o n  o f  NaClO^ does n o t  c a u se  e f f e c t s  t h a t  p a r a l l e l  
t h e  e f f e c t s  o f  i n c r e a s i n g  t e m p e r a tu r e .  R e p r e s e n t a t i v e  e f f e c t s  o f  
NaClO^ on th e  CD o f  PHBG a t  25°C a r e  d e m o n s t ra te d  i n  F ig u r e  12 . The 
n e g a t i v e  bands a t  208 nm and 222 nm a r e  i n c r e a s e d  i n  NaClO^ concen­
t r a t i o n s  be low  1 .5  m, b u t  d e c r e a s e  i n  h i g h e r  c o n c e n t r a t i o n s  o f  
NaClO^, a s  i l l u s t r a t e d  by s p e c t r a  a t  1 m and 4 m NaClO^.
The e f f e c t  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  CaCl2 i s  i l l u s t r a t e d  
i n  F ig u r e  13. T here  i s  a  d e c r e a s e  i n  16 3222 ^rom ^ m to  1 .2 5  m CaCl2 
w hich  becomes s h a r p e r  betw een  1 .2 5  and 2 .5  m C a C ^ .  The s lo p e  o f  th e  
c u rv e  d e c r e a s e s  t o  z e r o  a t  h i g h e r  c o n c e n t r a t i o n s  and may become 
n e g a t i v e  beyond 4 m CaCl2 * F ig u r e  14 i s  a  p l o t  o f  [Q 3 222 v e r s u s  tem­
p e r a t u r e  a t  s e l e c t e d  c o n c e n t r a t i o n s  o f  CaCl2 > The s lo p e  o f  t h e  cu rv e  
i s  p o s i t i v e  below 4 m, ab o u t z e ro  a t  4 m, and n e g a t i v e  a t  5 .6  m CaCl2 * 
The g ra p h  o f  [91222 s o l u t i o n s  o f  NaClO^ i s  g iv e n  i n
F ig u r e  15 . T here  i s  a r a p i d  d e c r e a s e  i n  [01222 f roin 0 m to  0 .5  m 
NaClO^. The s lo p e  goes  to  z e ro  be tw een  0 .5  m and 2 .0  m NaClO^. From
2 .0  m to  7 .3  m NaClO^ th e  c u rv e  a p p e a r s  t o  be  l i n e a r  w i th  a  p o s i t i v e  
s l o p e .  F ig u r e  16 shows th e  dependence  o f  [91222 on te m p e r a tu r e  a t  
s e l e c t e d  c o n c e n t r a t i o n s  o f  NaClO^. The s l o p e  o f  t h e s e  c u rv e s  i s  
p o s i t i v e  a t  a l l  c o n c e n t r a t i o n s  o f  NaClO^.
I f  m o la l  c o n c e n t r a t i o n s  o f  CaCl2 a r e  c o n v e r te d  t o  m o la l  
a c t i v i t i e s  ( s e e  F ig u r e  1 7 ) ,  t h e  [63222 c u rv e  l o s e s  t h e  s ig m o d ia l
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F ig u re  11. CD s p e c t r a  of PHBG a t  25°C in  H^O, 1 .2  m CaCl^j and 5 .1  m 
CaCl^ p l o t t e d  as [0 ] deg-cra/draol v e r s u s  w av e len g th ,  nm.
58
l.2mi
O
X
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F ig u r e  12. CD s p e c t r a  o f  PHBG a t  25°C i n  H20 ,  2 M NaClO^ and 4 M
NaClO^ p l o t t e d  a s  [0] deg-cm /dm ol v e r s u s  w a v e le n g th ,  nm.
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F ig u r e  13. [ 0 ] >  deg-cm /dm ol, o f  PHBG v e r s u s  m o l a l i t y  o f  C a C ^  a t  
5°C ( 0 ) ,  25°C (J£>, 47°C ( * ) ,  and 65°C (* ) .
a‘6  I  2  3  4  5 6
Molality CaC^
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Figure 14- l®^222* ^eg-cWdmol, of PHBG versus temperature
in H^O (*), 1.2 m CaCl2 (•), 2.5 m CaCl2 (*) , and 5.6 m 
CaCl2 (☆).
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F ig u re  15. [0 ]22 2 * deS-cra/draol, o f  PHBG v e rs u s  m o la l i t y  o f  NaClO^
a t  5°C (■ ), 15°C (X), 25°C ( o ) , 39°C (©)t and 71 °C ( • ) .
MOLALITY
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F ig u r e  16 . ^9]222* cm“des / dm° l » o f PHBG v e r s u s  t e m p e r a tu r e ,  °C, in
H2O ( * ) ,  0 .8 3  m NaClO^ C$0 , 2 .2  m NaClO^ ( o ) , and 6 .6  m 
NaClO^ (*) a t  2 5 °C.
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F ig u re  17 [6 ] 222* deg-cm/dmol, o f  PHBG as a f u n c t io n  o f  the  
a c t i v i t y  of CaCl^ a t  5°C (* ) ,  25°C (■&), 47°C ( • ) ,  
65°C (o ) .
and
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F ig u re  18. 222* t*e S-cra/ t*inol> pHBG as  a fu n c t io n  o f  th e
a c t i v i t y  o f  NaClO^ a t  5°C (* ) ,  25°C ( • ) ,  39°C (☆), 
55°C (o ) ,  and 71°C (A).
Activity NcOO.
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F ig u r e  19. CD s p e c t r a  o f  PHPG a t  5°C, 25°C, 40°C, and 70°( 
a s  [ 0 ] ,  deg-cm /dm ol v e r s u s  w a v e le n g th ,  nm.
p l o t t e d
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F ig u re  20. CD s p e c t r a  o f  PHPG a t  25°C i n  1^0 , 
C aC ^  p l o t t e d  as  [0 ] ,  deg-cm /dm ol,
1 .2  m CaCl^ and 4 .0  m 
v e r s u s  w a v e le n g th ,  nm.
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F ig u r e  21. ^ ^ 2 2 2 ’ deg-cm /dm ol» PHPG a s  a f u n c t i o n  o f  m o l a l i t y
o f  CaCl2 a t  5°C ( • ) ,  25°C (CD, 40°C <*) , and 65°C (*W .
Molality
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q u a l i t y .  The c u r v e ' s  s lo p e  goes  from a  p o s i t i v e  v a lu e  a t  low 
a c t i v i t i e s  to  z e ro  around an  a c t i v i t y  o f  10. (Not shown i n  F ig u r e  1 7 .)  
Beyond a c t i v i t y  50 th e  s lo p e  a t  h ig h e r  te m p e ra tu re s  i s  n e g a t i v e .  The 
p l o t  (F ig u re  18) o f  19 ]222 v e r s u s  a c t i v i t y  o f  NaClO^ i s  s i m i l a r
to  th e  m o la l  c o n c e n t r a t i o n  p l o t .  The i n i t i a l  s lo p e  i s  s l i g h t l y  more 
n e g a t i v e  w i th  o th e r  f e a t u r e s  rem a in in g  e s s e n t i a l l y  th e  same.
C i r c u l a r  D ichroistn  o f  PHPG
F ig u re  19 shows t h a t  th e  CD spec trum  o f  PHPG has  two n e g a t iv e  
bands i n  th e  r e g io n  from 260 nm t o  200 nra. These bands a t  208 nm and 
222 nm a r e  n o t  a s  i n t e n s e  a s  th o s e  o f  PHBG a t  th e  same te m p e ra tu re .
As th e  te m p e ra tu re  i n c r e a s e s  th e  n e g a t i v e  bands show a d e c r e a s e  i n  
i n t e n s i t y .  The l o c a l  maximum betw een th e  two n e g a t i v e  bands i n c r e a s e s  
w i th  i n c r e a s i n g  te m p e ra tu re  w h i le  th e  208 nm band becomes l e s s  i n t e n s e  
and f a l l s  o f f  tow ard  a  minimum below 200 nm.
CaCl2 a f f e c t s  t h e  sp ec tru m  o f  PHPG by c a u s in g  e f f e c t s  s i m i l a r  
t o  a  l a r g e  i n c r e a s e  i n  t e m p e ra tu re .  W ith i n c r e a s i n g  c o n c e n t r a t i o n s  o f  
CaCl2 t h e  sp ec tru m  o f  PHPG un d erg o es  t h e  changes d e s c r ib e d  f o r  
i n c r e a s e d  te m p e ra tu re .  At even h ig h e r  c o n c e n t r a t i o n s  t h e  n e g a t i v e  
band a t  208 nm d i s a p p e a r s  c o m p le te ly  to  be r e p la c e d  by a  p o s i t i v e  band 
a t  214 nm. However t h i s  maximum i t s e l f  d e c r e a s e s  w i th  i n c r e a s i n g  
t e m p e ra tu re  and c o n c e n t r a t i o n s  o f  C a C ^ .  (See F ig u r e  2 0 . )  The e f f e c t s  
o f  C aC ^  on [6)222  p l ° t t e d i n  F ig u r e  21. T here  i s  an  i n c r e a s e  in  
[0)222 UP t o  a b o u t  3 m CaCl2 and th e n  a  d e c r e a s e  a t  h ig h e r  
c o n c e n t r a t i o n s .  There  i s  a  s l i g h t  s ig m o d ia l  c h a r a c t e r  t o  t h e  in c r e a s e
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i n  [0 ]222  w i t 11 i n c r e a s i n g  m o l a l i t y  o f  CaCl2 > I f  t h e  CD a t  222 nm i s  
p l o t t e d  a g a i n s t  a c t i v i t y  ( F ig u re  2 2 ) ,  t h e  s ig m o d ia l  c h a r a c t e r  o f  
t h e  c u rv e  i s  changed to  m ono ton ic  i n c r e a s e  i n  i n t e n s i t y ,  w i th  
i n c r e a s i n g  a c t i v i t y ,  u n t i l  t h e  s lo p e  i s  z e ro  and th e n  a  d e c r e a s e  i n  
i n t e n s i t y  a t  a c t i v i t i e s  g r e a t e r  th a n  10 m. The e f f e c t  o f  t e m p e ra tu re
on [6 3222 a t  s e ^ecte<* c o n c e n t r a t i o n s  o f  C a C ^  i s  g iv e n  i n  F ig u r e  23.
At low c o n c e n t r a t i o n s  o f  C aC ^  t h e  s lo p e  i s  p o s i t i v e ,  b u t  i t  becomes 
n e g a t i v e  a t  v e r y  h ig h  c o n c e n t r a t i o n s  o f  C a C ^ .
The e f f e c t  o f  NaClO^ on th e  PHPG sp ec tru m  i s  shown i n  F ig u r e  24. 
The e f f e c t  i s  s i m i l a r  to  t h e  e f f e c t  on PHBG. T here  i s  an  i n c r e a s e  in
i n t e n s i t y  o f  th e  n e g a t i v e  bands  a t  222 nm and 208 nm. T h is  e f f e c t
r e a c h e s  a  maximum a t  1 m to  2 m NaClO^. The e f f e c t  o f  c o n c e n t r a t i o n  o f  
NaClO^ on t©3222 P-*-o t te c * F ig u r e  25. T here  i s  a r e l a t i v e l y  sh arp
d e c r e a s e  i n  t©3 222 t o  a ^ o u t  1 m t o  2 m NaClO^ fo l lo w e d  by a l e s s  
s h a rp  i n c r e a s e  t h a t  a p p e a r s  t o  be l i n e a r  from 2 m t o  7 m NaClO^. 
I n c r e a s i n g  t h e  t e m p e r a tu r e  moves th e  c u rv e  up on th e  g rap h  and 
f l a t t e n s  i t  o u t  s l i g h t l y .  The p l o t  o f  [©3222 a Sa i n s t  a c t i v i t y  
( F ig u re  26) shows a  c u rv e  s i m i l a r  t o  t h e  m o l a l i t y  c u rv e .  The i n i t i a l  
and f i n a l  s lo p e s  a r e  s l i g h t l y  s h a r p e r  due  t o  d e c r e a s e  i n  u n i t  s i z e .
The e f f e c t  o f  t e m p e r a tu r e  on t© 3 222 a t  v a r i o u s  c o n c e n t r a t i o n s  o f  HaClO^ 
i s  shown i n  F ig u r e  27.
C i r c u l a r  D ich ro ism  o f  PHEG
The e f f e c t  o f  t e m p e r a tu r e  on th e  CD sp e c tru m  o f  PHEG i s  
d e m o n s t ra te d  i n  F ig u r e  28. The sp ec tru m  a t  low te m p e r a tu r e s  h a s  a
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F ig u r e  22. ^^2 2 2 *  d e S“ cm/ dm° l»  o f  PHPG a s  a fu n c t io n  o f a c t i v i t y
o f CaCl2 a t  5°C (f r) , 25°C ( # ) ,  A0°C (O ), and 65°C ( • ) .
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F ig u re  23. ^^222*  ^®8“ cra/dm ol, o f  PHPG v e r s u s  te m p e ra tu re ,
f o r  PHPG in  H20 (6 ) ,  1 .2  m CaCl2 (■) , and 4 .0  m
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F ig u r e  24. CD s p e c t r a  o f  PHPG i n  H^O, 2 m NaClO^, and 4 m NaClO^ a t  
25°C p l o t t e d  a s  C®]222* ^ eS-cm/d m o l,  v e r s u s  w a v e le n g th ,  
nm.
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F ig u r e  25. I® -1222 ’ ^ e S-cin/ dltlol> o f  FHPG a s  a f u n c t i o n  o f  th e  
m o l a l i t y  o f  NaClO^ a t  5°C (■ ) ,  15°C ( e ) , 25°C (X ) , 
40°C ( o ) ,  55°C ( • > ,  and 70°C (O ) .
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F ig u re  26. £63222’ ^eS“ cin/dmal,, of PHPG as  a  fu n c t io n  of a c t i v i t y  
o f  NaC104 a t  5°C (-ft), 15°C < • ) ,  25°C (A), 40°C ( o ) , 
55°C (■ ), and 70°C (* ) .
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F ig u re  27. [^ 2 2 2 *  deg-cm/dmol, ° f  PHPG as  a fu n c t io n  o f  te m p e ra tu re ,
'C ,  i n  H20 (1J0, 0 .8 3  m NaClO^ (■ ) ,  2 .2  m NaClO^ ( • ) ,  and 
6 .6  m NaClO^ (*) .
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F ig u r e  28. CD s p e c t r a  o f  PHEG a t  5°C, 25°C, 40°C, and 70°C
p l o t t e d  as  [ 9 ] ,  deg-cm /dm ol, v e r s u s  w a v e le n g th ,  nm.
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l a r g e  n e g a t iv e  band a t  198 run, a s m a l l e r  p o s i t i v e  band a t  214 nm to  
216 nm, and a  v e ry  sm a l l  n e g a t i v e  band a t  230 nm to  232 nm. The 
n e g a t i v e  band a t  198 nm and th e  p o s i t i v e  band a t  214 nm a r e  b o th  
d e c re a se d  i n  i n t e n s i t y  by i n c r e a s i n g  te m p e ra tu re .  The n e g a t iv e  band 
a t  230 nm i s  i n c r e a s e d  by h e a t i n g .  The p o s i t i v e  band a t  214 nm becomes 
a l o c a l  p o s i t i v e  a t  s u f f i c i e n t l y  h ig h  te m p e r a tu r e s .  The CD 
spec trum  of PHEG from 260 nm t o  200 nm a r i s e s  from p e p t id e  bonds in  
th e  random c o i l  c o n fo rm a t io n  (9 4 ) .  Assignm ent o f  s p e c i f i c  e l e c t r o n i c  
t r a n s i t i o n s  t h a t  l e a d  to  th e  f e a t u r e s  o f  th e  random c o i l  spec trum  has 
n o t  y e t  been a c h ie v e d .  The p o s i t i v e  band a t  214 nm h as  been 
a t t r i b u t e d  to  t h e  n-tr* t r a n s i t i o n  o f  d i s o r d e r e d  p e p t id e s  (1 3 8 ,1 3 9 ) ,  b u t  
o t h e r  r e p o r t s  i n d i c a t e  t h a t  th e  r o t a r y  s t r e n g t h  o f  th e  d i s o r d e r e d  n - T T *  
t r a n s i t i o n  i s  n e g a t i v e  (1 4 0 ) .  O th e r  i n v e s t i g a t o r s  a t t r i b u t e  th e  218 nm 
p o s i t i v e  band t o  tt- ti*  t r a n s i t i o n s  (141) .
The e f f e c t s  o f  NaClO^ on PHEG a r e  s i m i l a r  to  i t s  e f f e c t s  on 
PHPG a s  d em o n s tra ted  i n  F ig u r e s  29, 30 , and 31. A lthough t h e  aqueous 
sp ec tru m  of PHEG and PHPG a t  t h e  same te m p e ra tu re  a r e  q u i t e  d i f f e r e n t ,
a d d i t i o n  o f  NaClO^ c au se s  th e  CD a t  222 nm to  d e c r e a s e  and l e a d s  to
th e  fo rm a t io n  o f  a  n e g a t i v e  band a t  222 nm. The p o s i t i v e  band a t  
214 nm and th e  s m a l l  n e g a t i v e  band b o th  d i s a p p e a r .  The m o la l  and 
m o la r  p l o t s  show th e  sh a rp  d e c r e a s e  i n  [63222 f ° H ° wed by a l e s s  sharp
in c r e a s e  i n  t h i s  CD a t  c o n c e n t r a t i o n s  g r e a t e r  th a n  2 m f o r  th e  5 .5°C
s p e c t r a .  The h ig h e r  t e m p e ra tu re  cu rv e s  r e a c h  a minimum a t  ab o u t  2 m 
b u t  do n o t  r i s e  a t  h ig h e r  c o n c e n t r a t i o n s .  T em pera tu re  v e r s u s  [6 ]222  
g rap h s  f o r  PHEG (F ig u re  32) show a  n e g a t i v e  s lo p e  i n  HjO and v e ry  low
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F ig u r e  29. CD s p e c t r a  o f  PHEG a t  25°C i n  ^ 0 ,  2 m NaClO^, and 
A m NaClO^ p l o t t e d  a s  [ 0 ] ,  deg-cm /dm ol, v e r s u s  
wave1e n g t h , nm.
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F ig u re  30. [6 ]222* ^eg-cm /dm ol, of PHEG as  a f u n c t io n  of th e
m o la l i t y  o f  NaC104 a t  3 .5°C  (X), 25°C ( o ) , 40.5°C ( e ) , 
and 64°C ( • ) .
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F ig u re  31. [0 ]^ 2 • deg-cm/draol, o f  PHEG as  a fu n c t io n  o f  the
a c t i v i t y  o f  NaC104 a t  5.5°C (☆), 25°C (* ) ,  40 .5  °C (* ) ,  
and 64°C ( • ) .
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F ig u r e  32. [ ^ 2 2 2 *  ^ e 6-cm/dm ol, ° f  PHEG as  a f u n c t io n  o f  t e m p e ra tu re ,
°C, i n  H2O ( • ) ,  0 .8 3  m NaClO^ ( o ) , 2 .2  m NaClO^ (■ ) , and 
7 .3  m NaClO^ (if).
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NaClO^ c o n c e n t r a t i o n s ,  a  p o s i t i v e  s lo p e  i n  i n t e r m e d ia t e  c o n c e n t r a t i o n s  
o f  NaClO^ and ze ro  s lo p e  a t  h ig h  c o n c e n t r a t i o n s  o f  NaClO^.
C i r c u l a r  D ichro ism  o f  AcCAl^OMe
[61222 o f  AcfAlaJ^OMe i s  p l o t t e d  a g a i n s t  m o l a l i t y  o f  C aC ^  in  
F ig u r e  33. There  i s  a s ig m o d ia l  d e c r e a s e  i n  [0]222 o v e r  t *ie  r a n 6e in  
which th e  a c t i v i t y  c o e f f i c i e n t s  o f  C aC ^  i n c r e a s e  r a p i d l y  (1 m to  3 m ) . 
When t h e  c o n c e n t r a t i o n  i s  e x p re s s e d  as  a c t i v i t y ,  th e  c u rv e  becomes 
m onotonic  d e c r e a s in g  (F ig u re  3 4 ) .  The e f f e c t s  o f  i n c r e a s in g  
te m p e ra tu re  on th e  CD of AcfAla^OMe a t  s e l e c t e d  c o n c e n t r a t io n s  o f  
CaCl2 i s  shown i n  F ig u re  25.
C i r c u l a r  D ichro ism  o f  P o ly (H is )
The CD spec trum  o f  p o ly (H is )  a t  pH 3 .4  and te m p e ra tu re s  from 
15°C to  60°C i s  shown i n  F ig u r e  36. The m ajo r  f e a t u r e  i s  a l a r g e  
p o s i t i v e  band a t  220 nm. The spec trum  f a l l s  o f f  to  a  minimum some­
w here below 200 nm. There  i s  an i n d i s t i n c t  s m a l l  n e g a t i v e  band a t  
ab o u t  235 nm. T h is  spec trum  i s  q u i t e  d i f f e r e n t  from t h e  PHEG sp ec tru m , 
b u t  h a s  been  a s s ig n e d  a s  th e  p o ly (H is )  r a n d o m -c o i l  sp ec tru m  ( 8 ) .  The 
d i f f e r e n c e  betw een th e  p o ly (H is )  ra n d o m -c o i l  CD sp ec tru m  and t h a t  of 
ra n d o m -c o i l  PHEG may a r i s e  from o p t i c a l l y  a c t i v e  e l e c t r o n i c  t r a n s i t i o n s  
o f  th e  im id a z o le  g roups  o f  t h e  s i d e  c h a in s .
The e f f e c t  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  SDS on th e  spec trum  
o f  p o ly (H is )  a t  pH 3 .4  i s  shown i n  F ig u re  37. The e f f e c t  i s  s t r i k i n g .  
The l a r g e  p o s i t i v e  band a t  220 nm d i s a p p e a r s  and a  l a r g e  n e g a t iv e  band 
a t  224 nm t o  226 nm i s  form ed. A t h ig h  SDS c o n c e n t r a t i o n s  t h e  low er
F ig u re  33. [®-^222’ d e S- cin/dm ol, o f  Ac(Ala)^OMe as  a  fu n c t io n  of
th e  m o la r i ty  of CaCl2 a t  5°C, 25°C, A0°C, 47°C, 65°C, 
and 70°C.

F ig u re  34. Q^^222* de§“ cm/ dm ol> o f  Ac(Ala).jOMe a s  a fu n c t io n  o f
a c t i v i t y  o f  C aC ^  a t  5°C, 25°C, 40°C, and 65°C.
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F ig u re  35 . ^©3222 * ^e S-cm/ dm ol> ° f  AcCAlaJ^OMe a s
t e m p e r a t u r e ,  °C, i n  ^ 0  ( o ) , 1 M C aC ^  
A M CaCl2 (■ ) ,  and 5 . A M CaCl2 O ) .
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F ig u r e  36. CD s p e c t r a  o f  p o ly (H is )  a t  15°C, 25°C, 40°C, and 60°C 
p l o t t e d  a s  [ 0 ] ,  deg -cm /dm ole , v e r s u s  w a v e le n g th ,  nm.
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F ig u re  37. CD s p e c t r a  o f  p o ly (H is )  a t  25°C i n  SDS s o l u t i o n s  in  
which S D S /H is t id y l  -  0 .3 0 ,  1 .0 8 ,  and 9 .3 ,  p l o t t e d  a s  
[ 0 ] ,  deg-cm /dm ol, v e r s u s  w av e le n g th ,  nm.
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sp ec tru m  r i s e s  t o  a  maximum below  200 nm. The i n t e r m e d i a t e  SDS 
c o n c e n t r a t i o n s  y i e l d  s p e c t r a  t h a t  a r e  i n  v a r i o u s  s t a g e s  o f  t h e  
t r a n s i t i o n s  from th e  aqueous  sp ec tru m  to  t h e  h ig h  SDS c o n c e n t r a t i o n  
sp e c t ru m . The h ig h  SDS c o n c e n t r a t i o n  sp ec tru m  re s e m b le s  t h a t  of 
u n c h arg ed  (n o n - p r o to n a te d )  p o l y ( H i s ) ,  a  s t r u c t u r e  w hich h a s  v a r i o u s l y  
b een  a s s ig n e d  a s  a l e f t - h a n d e d  a - h e l i x  (1 4 2 ) ,  a r ig h t - h a n d e d  a - h e l i x  
( 7 0 ) ,  an  o rd e re d  c o n fo rm a t io n  d i f f e r e n t  from th e  r i g h t - h a n d e d  a - h e l i x  
(1 4 3 ) ,  and th e  8- s t r u c t u r e  ( 8) .  F ig u r e  38 shows th e  e f f e c t  o f  
v a r i o u s  r a t i o s  o f  SDS t o  r e s i d u e  c o n c e n t r a t i o n  o f  p o ly ( H is )  on [6]220  
o f  t h a t  p o ly m er .  The m a jo r  f e a t u r e s  o f  t h e  g rap h  i s  t h a t  t h e  s t e e p e s t  
s lo p e  o c c u r s  a t  a  r a t i o  o f  1 : 1 .
C i r c u l a r  D ich ro ism  o f  P o ly (G lu )
The CD sp e c t ru m  o f  p o ly (G lu )  i s  d e p en d en t on s o l u t i o n  pH. 
F ig u r e  39 shows s p e c t r a  a t  t h r e e  d i f f e r e n t  pH’ s .  The sp ec tru m  o f  th e  
a lm o s t  c o m p le te ly  u n ch a rg ed  p o ly (G lu )  a t  low pH i s  t y p i c a l  o f  th e  
a - h e l i x  and  i s  s i m i l a r  t o  t h e  sp ec tru m  o f  PHBG a t  low te m p e r a tu r e  (4 2 ) .  
I t  h a s  two l a r g e  n e g a t i v e  b an d s  a t  222 nm and 208 nm and i s  r i s i n g  to  
a  l a r g e  p o s i t i v e  below 200 nm. The sp ec tru m  o f  p o ly (G lu )  a t  pH 1 0 .8  
i s  s i m i l a r  t o  t h a t  o f  PHEG a t  t h e  same t e m p e r a tu r e .  I t  shows th e  
s m a l l  p o s i t i v e  band a t  214 nm and n e g a t i v e  bands  a t  230 t o  232 nm 
(v e ry  low i n t e n s i t y )  and  one be low  200 nm (v e ry  h ig h  i n t e n s i t y ) . At 
i n t e r m e d i a t e  pH t h e r e  i s  a  t r a n s i t i o n  be tw een  t h e s e  two s p e c t r a .
F ig u r e  40 shows t h i s  t r a n s i t i o n  by g ra p h in g  [ 8)222  v e r s u s  PH ° f  
p o ly (G lu )  i n  H20 ,  CTAC1, and DA. The m o la r  r a t i o s  o f  CTAC1:poly(Glu)
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F ig u r e  38. Dependence o f  19]220  P ° ly ( H is )  on lo g  (S D S /H is t id y l)  
r a t i o  a t  25°C.
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F ig u r e  39. CD s p e c t r a  o f  p o ly (G lu )  a t  25°C i n  1^0 a t  pH 1 0 .8 ,
-3
pH 6 .7 5 ,  and pH 3 .6  ( -1 0  M HC1) p l o t t e d  a s  [ 6 ] ,  
deg-cm /dm ol, v e r s u s  w a v e le n g th ,  nm.
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F ig u r e  41. ^ e S '" cm/drool, p o ly  (Glu) a s  a f u n c t i o n  o f
lo g  { [d o d e c y la m in e ] / [ g l u t a m y l ] } a t  25°C.
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a r e  68 :1  and  230 :1  and th e  r a t i o  o f  D A :poly(G lu) i s  2 3 0 :1 .  CTAC1 
c a u s e s  t h e  t r a n s i t i o n  t o  become v e r y  s h a rp  n e a r  t h e  pK o f  t h e  Glu 
c a r b o x y l  g ro u p ,  i n d i c a t i n g  a d e s t a b i l i z a t i o n  o f  t h e  s l i g h t l y  c h a rg ed
h e l i x  by CTAC1. DA c au se s  th e  t r a n s i t i o n  from  h e l i x  to  c o i l  t o  o c cu r
a t  a  h i g h e r  pH th a n  i n  w a te r  a l o n e .  In  th e  r e g io n  betw een  th e  
t r a n s i t i o n  i n  w a te r  and th e  t r a n s i t i o n  i n  DA s o l u t i o n ,  th e  DA 
s t a b i l i z e s  t h e  h e l i x .  A pH o f  7 .6  was chosen  to  i l l u s t r a t e  th e  
t r a n s i t i o n  from random c o l l  to  h e l i x  caused  by th e  DA. F ig u r e  41 i s  
a  g raph  o f  [9 ]222 v e r s u s  t i^e 1°£ t i^e  r a t i °  DA to  r e s i d u e  
c o n c e n t r a t i o n  o f  p o ly (G lu )  a t  pH 7 .6 .  As i n  p o ly (H is ) /S D S  th e
g r e a t e s t  s l o p e  o c c u r s  a t  a r a t i o  o f  1 :1 .
Chapter IV
CALCULATIONS
F r a c t io n  H e l ix
F r a c t io n  h e l i x  h a s  been  c a l c u l a t e d  a c c o rd in g  to  th e  d e s c r i p t i o n  
i n  C hap te r  I I .  F ig u r e s  42a and 42b show f r a c t i o n  h e l i x  o f  PHBG v e r s u s  
lo g  a c t i v i t y  and m o l a l i t y  o f  C aC ^  a t  s e v e r a l  te m p e r a tu r e s .  In  
F ig u r e  42b th e  lo w e s t  t e m p e ra tu re  cu rv e  d e c r e a s e s  m o n o to n lc a l ly  to  
n e a r  ze ro  a t  ab o u t  4 m. At h ig h e r  te m p e ra tu re s  t h e r e  i s  a s i m i l a r  
d e c r e a s e  i n  f r a c t i o n  h e l i x  o f  PHBG w i th  i n c r e a s i n g  c o n c e n t r a t i o n s  of 
CaC^* At a l l  te m p e ra tu re s  th e  f r a c t i o n  h e l i x  i n c r e a s e s  a t  c o n c e n t r a ­
t i o n s  h ig h e r  th a n  4 m. F ig u r e s  43a and 43b i l l u s t r a t e  th e  e f f e c t  of 
CaCl2 on f r a c t i o n  h e l i x  o f  PHPG. The e f f e c t s  a r e  s i m i l a r  to  th e  
e f f e c t s  o f  CaCl2 on PHBG. The f r a c t i o n  h e l i x  r e a c h e s  ze ro  a t  abou t 
2 m CaCl2 and in c r e a s e s  to  m e asu ra b le  h e l i x  beyond 4 m C aC ^  (F ig u re  
4 3 b ) .  The z e ro  p o i n t s  on t h i s  g raph  do n o t  i n d i c a t e  ze ro  f r a c t i o n  
h e l i x ,  b u t  f r a c t i o n  h e l i x  so  low t h a t  i t  i s  beyond th e  a b i l i t y  to  th e  
In s t ru m e n t  and method t o  m easure . Any m easure  o f  f r a c t i o n  h e l i x  l e s s  
th a n  0 .0 1  c an n o t be  used  f o r  c a l c u l a t i o n s  and w i l l  be shown a s  ze ro  on 
any g ra p h s .  F r a c t i o n  h e l i x  v e r s u s  a c t i v i t y  o f  NaClO^ h as  b een  p l o t t e d  
f o r  PHBG, PHPG, and PHEG a t  s e v e r a l  te m p e ra tu re s  and a r e  shown i n  
F ig u r e s  44 , 45 , and 46 r e s p e c t i v e l y .  F or e ach  o f t h e s e  p o ly m ers ,  th e  
f r a c t i o n  h e l i x  f i r s t  i n c r e a s e s  and th e n  d e c r e a s e s  beyond 2 m, a  
b e h a v io r  t h a t  mimics i n v e r s e l y  th e  d e c r e a s e  and th e n  i n c r e a s e  i n
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F ig u re  42a., F r a c t i o n  h e l i x ,  f ^ ,  o f  PHBG as  a f u n c t io n  o f  a c t i v i t y  
o f  CaCl2 a t  5°C ( • ) ,  25°C (o ) ,  47°C (Hr), and 65°C (* ) .
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F ig u r e  42b. F r a c t i o n  h e l i x ,  f ^ ,  o f  PHBG a s  a f u n c t io n  o f  th e  
m o l a l i t y  o f  CaCl2 a t  5°C ( • ) ,  25°C (☆), 47°C ( 0 ) ,  
and 65°C (* ) .
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F ig u re  43a. F r a c t io n  h e l i x ,  f ^ ,  o f PHPG as a fu n c t io n  o f  th e  
a c t i v i t y  o f  CaCl2 a t  5°C ( • ) ,  25°C (* ) ,  40°C fo) > 
and 65°C (A).
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F ig u re  43b. F r a c t i o n  h e l i x ,  f ^ ,  o f  PHPG a s  a f u n c t io n  o f  m o la l i t y  
o f  CaCl2 a t  5°C ( • ) ,  25°C (☆), 40°C (A), and 65°C ( 0 ) .
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F ig u re  44. F r a c t i o n  h e l i x ,  f^» o f  PHBG a s  a f u n c t i o n  o f  th e
a c t i v i t y  o f  NaClO^ a t  5°C ( * ) ,  25<1C (☆), 39°C ( o ) , 
55°C ( * ) ,  and 71°C ( e ) .
as
a r t
0.6
ufas
0.4
0.3
0 2
0.1
oo
f o o
*  *  *
e 9
°0 1 2 3 4 5
ACTIVITY NaCIO«
136
F ig u r e  45. F r a c t i o n  h e l i x ,  f, , o f  PHPG as  a  f u n c t i o n  o f  th en
a c t i v i t y  o f  NaClO^ a t  5°C ( • ) ,  15°C (★), 25°C ( o ) , 
40°C ( A ) ,  55°C ( * ) ,  and 70°C (0 ) .
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F ig u r e  46. F r a c t i o n  h e l i x ,  f^» o f  PHEG as  a f u n c t io n  o f  th e
a c t i v i t y  o f  NaC104 a t  5 .5 °C  ( * ) ,  25°C (©), 40 .5°C  ( o ) , 
and 64°C ( • ) .
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Z1mm-Bragg P a ra m e te rs
The Zimm-Bragg p a ra m e te r s  have been  d is c u s s e d  i n  C hap te r  I I .  
F ig u re  47 shows how f r a c t i o n  h e l i x  i s  r e l a t e d  to  s  a t  s e v e r a l  
v a lu e s  o f  a .  D ec rea s in g  o cau se s  th e  t r a n s i t i o n  from h e l i x  to  c o i l  
( c o i l  t o  h e l i x )  to  be v e ry  sh a rp  w i th  r e s p e c t  to  v a lu e s  o f s .  As 
a ■+ 0 th e  t r a n s i t i o n  becomes a s t e p  f u n c t io n  which i s  d is c o n t in u o u s  
a t  s ~ 1 . I f  a i s  i n f i n i t e l y  l a r g e  th e  cu rve  i s  a s t r a i g h t  l i n e  
th ro u g h  f r a c t i o n  h e l i x  e q u a l  0 .5 .  S ince  th e  w e igh t o f  a h e l i x  
I n i t i a t i n g  r e s id u e  i s  i n f i n i t e  when a i s  i n f i n i t e ,  th e  number of 
i n i t i a t o r  r e s i d u e s  would be  m axim ised— a c o n d i t io n  t h a t  o ccu rs  when 
ev ery  o t h e r  r e s id u e  i s  h e l i c a l .
The v a lu e s  o f  s and a f o r  PHBG and PHPG have  been c a l c u l a t e d  
by S cheraga  and cow orkers  (5 6 ) .  T h is  group used ORD m easurem ents 
and th e  M offit-Y ang  e q u a t io n  to  c a l c u l a t e  f r a c t i o n  h e l i x .  T ab le  4 
g iv e s  t h e s e  p a ra m e te rs  f o r  s e v e r a l  t e m p e ra tu re s .
F r a c t i o n  h e l i x  i s  r e l a t e d  to  s and a i n  a manner t h a t  can 
be d e te rm in e d  f o r  th e  v e ry  h ig h  m o le c u la r  w e igh t polym ers  by 
em ploying th e  l i m i t i n g  e q u a t io n  f o r  f r a c t i o n  h e l i x  (E q u a tio n  15) i n  
th e  f o l lo w in g  m a n ip u la t io n s :
h ^  Equation 15
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F ig u r e  47. F r a c t i o n  h e l i x ,  a s  a f u n c t io n  o f  s  a t  ( a ) ,  o = 10 ;
( b ) ,  a -  10~4 ; ( c ) ,  o -  10- 3 ; (c )  a = lO- 2 ;
(e )  , a = 10 and ( f ) ,  a = ®
FRACTION H E L I X  g
zn
143
S u b s t i t u t i n g  f o r  ^
f  = ____________ (s+1) + [ ( s - 1 ) 2 +  4 o s ] i  -  2_____________
(s+1) + [ ( s - l ) 2  + 4 o s ] i  -  (s+1) +  [ ( s - 1 ) 2  +  4 o s ]^
j  „  ( s - 1 )  +  [ ( s - 1 ) 2 +  4 o s ]^  
h 2 [ ( s - 1 ) 2 + 4 c s ]* E q u a t io n  26
( 2 t h -  1 ) [ ( s - 1 ) 2 + A as]^  -  s -  1 
( 2 f h  -  l ) 2 [ ( s - l ) 2 + 4 a s ]  = ( s  -  l ) 2
(S .  ! ) 2  ,  „ s ( 2 f h -  1)2
« h  -  *h2>
E q u a t io n  27
L e t t i n g a  -  o (2 £ h -  1 )2  
<f h "  f h 2>
Then s -  (2 +  a ) s  +  1 = 0
s = 2 +  a  ± (a2 +  4a) ^ E q u a t io n  28
The p o s i t i v e  v a l u e s  o f  t h e  r o o t  i n  E q u a t io n  28 le a d  t o  s  g r e a t e r  th a n  
one and t h e  n e g a t i v e  v a lu e  l e a d s  to  s  l e s s  th a n  one . The p o s i t i v e  and 
n e g a t i v e  v a l u e s  sh o u ld  be  used  f o r  f r a c t i o n  h e l i x  g r e a t e r  th a n  0 .5  and 
l e s s  th a n  0 .5  r e s p e c t i v e l y .  I f  f r a c t i o n  h e l i x  e q u a l s  0 . 5 ,  th e n  s = 1 . 
T a b le  4 g iv e s  v a l u e s  o f  s  f o r  PHBG and PHPG c a l c u l a t e d  from t h i s  
e x p e r im e n ta l  w ork and th e  a p a r a m e te r  o f  S ch e rag a  and c o w o rk e rs .  These 
s  v a l u e s  a r e  s l i g h t l y  d i f f e r e n t  from th e  s  v a l u e s  o f  S c h e ra g a .  The
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d i f f e r e n t  method o f  c a l c u l a t i n g  f r a c t i o n  h e l i x  may be th e  r e a s o n  f o r  
t h e s e  d i f f e r e n c e s .  By assum ing t h a t  S c h e r a g a 's  v a lu e s  a r e  c o r r e c t ,  
one can c a l c u l a t e  o ' s  d i f f e r e n t  from S c h e r a g a 's  v a lu e s  t o  be  used  f o r  
f u r t h e r  c a l c u l a t i o n s .  These o ' s  a r e  a l s o  l i s t e d  i n  T ab le  4. For 
su b se q u e n t  c a l c u l a t i o n s  o f  thermodynamic c o n s ta n t s  b o th  o f  th e  above 
d e s c r ib e d  m ethods f o r  c a l c u l a t i n g  s  w i l l  be used and th e  r e s u l t s  
com pared.
I t  h a s  been  p r e v io u s ly  d e te rm in e d  t h a t  s a l t s  have e f f e c t s  on 
seco n d a ry  s t r u c t u r e  i n  p r o t e i n s  and h om opo lypep tides  (7 8 -8 0 , 144-149). 
One t h e o r e t i c a l  t r e a tm e n t  o f  s a l t  e f f e c t s  i s  a m o d i f i c a t io n  o f  th e  
Zimm-Bragg m ethod. The s t a t i s t i c a l  w e ig h t  m a t r ix  can be expanded to  
a l lo w  f o r  h e l i c a l  and c o i l  r e s i d u e s  t h a t  b in d  a  s p e c i f i c  l i g a n d .  In  
absen ce  o f  p o l y e l e c t r o l y t e  e f f e c t s ,  t h e  s t a t i s t i c a l  w e igh t m a t r ix  can 
be r e p r e s e n t e d  a s  fo l lo w s  f o r  r e s id u e  i :
The te rm  i  -  1 i n d i c a t e s  t h a t  th e  column s i g n i f i e s  th e  p o s s i b l e  r e s id u e  
s t a t e s  o f  i  -  1 w h i le  c*L and h*L r e p r e s e n t  l ig a n d  bound to  c o i l  and 
h e l i c a l  r e s i d u e s  r e s p e c t i v e l y .
c c*L h h*L
c 1 KC[L] os Kh [L]i;as
c*L 1 KC[L] os Kh [L ]Ic s
h 1 KC[L] s  Kh [L]
h*L 1 KC[L] s  K ^ L ]
M atr ix  2
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T ab le  4. V alues  o f  s and o from von D re e le  e t  a t .  (56)
Polymer T em pera tu re°C
as a x IQ**
PHBG 5 1.040 7 .0
PHBG 15 1.028 6 .9
PHBG 25 1.015 6 .8
PHBG 40 1 .000 6 .6
PHBG 55 0 .990 6 .0
PHBG 70 0.973 5 .6
PHPG 5 0 .990 2 .2
PHPG 15 0.985 2 .0
PHPG 25 0 .978 1 .8
PHPG 40 0 .9 7 5 b (0 .9 7 1 )c l . l b ( 1 . 4 ) c
PHPG 55 0 .980b ( 0 .9 6 0 ) c 0 .4 b ( 1 . 4 ) c
PHPG 70 0 .985  ( 0 .9 5 3 ) c 0 .2 b ( 1 . 4 ) c
A l l  v a lu e s  e s t i m a te d  from a g raph  o f  p a ra m e te r  v e r s u s  T. 
^ C a lc u la te d  from  ex p e r im en t  by von. D re e le  e t a l .  (5 6 ) .
Q
E x t r a p o la te d  v a lu e  from e a r ly ,  d a t a  by von D re e le  e t  a t .  (5 6 ) .
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The s t a t i s t i c a l  w e ig h ts  a s s ig n e d  to  each r e s i d u e  s t a t e  a r e
d e te rm in e d  by t h e  e q u i l i b r i u m  scheme i n  F ig u r e  48 w here  Kc , K^, and 
a r e  b in d in g  c o n s t a n t s  o f  l i g a n d  L t o  c o i l ,  n o n - i n i t i a t i n g  h e l i x ,  
and i n i t i a t i n g  h e l i x  r e s i d u e s  r e s p e c t i v e l y .  The s t a t i s t i c a l  w e ig h t  o f  
each  o f  t h e  e i g h t  p o s s i b l e  s t a t e s  o f  r e s i d u e  i  can  be d e te rm in e d  by 
m u l t i p l y i n g  a l l  t h e  e q u i l i b r i u m  f a c t o r s  on th e  a rrow s  be tw een  th e  
r e f e r e n c e  s t a t e ,  h e ,  and th e  chosen  s t a t e .  The second  l e t t e r  o f  th e  
two i s  r e s i d u e  i  and  t h a t  i s  t h e  r e s i d u e  f o r  w hich th e  w e ig h t  i s  
d e te r m in e d .  S in c e  t h e  s t a t e  (bound o r  unbound) o f  r e s i d u e  i  -  1 does 
n o t  e f f e c t  t h e  w e ig h t  o f  r e s i d u e  i ,  t h e  s t a t i s t i c a l  w e ig h t  o f  a l l  
s i x t e e n  s t a t e s  i n  M a t r ix  2 can  b e  d e te r m in e d .  M a tr ix  2 can  be red u ced  
to  a  f o u r  by f o u r  m a t r i x .
The symbol * d e n o te s  t h e  r e s i d u e  can  b e  bound o r  unbound.
Each e lem en t  o f  M a tr ix  3 i s  t h e  sura o f  t h e  p o s s i b l e  w e ig h ts  o f  
bound o r  unbound, c o i l  o r  h e l i c a l  r e s i d u e  i .  By d i v i d i n g  each  e lem en t 
by (1 +  Kc L ) , a new and e q u i v a l e n t  m a t r i x  i s  g e n e r a te d  (M a tr ix  4 ) .
h*
c* ( 1 + K C[L])  a s ( l + Z K h [L])
h* (1 +  KC[L )) s ( l  + Kh [L])
M a t r ix  3
F ig u r e  48. E q u i l ib r iu m  scheme f o r  b in d in g  o f  a l i g a n d  (L) 
c o i l  and h e l i x  r e s i d u e s .
SKjJ L ]
K ^ L ]
Kf
c*h (L)
I
h*h(L)
_1
Za
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vi  -  V  c*
c*
h*
h*
x os (1 +  I I ^ I L ] )  
(1 +  KC[L])
x s ( l  + Kh [L]) 
(1 + K [L ] )
M a tr ix  4
The u p p e r  r i g h t  e lem en t  o f  t h i s  m a t r ix  can be  e x p re s s e d  a s
f a ( l  +  SKh [ L ] ) y s ( l  +  \ [ U ) \  
(1 +  Kh [L ])  ^  ( l  + Kc [L ])J E x p re s s io n  1
The f o l lo w in g  new p a ra m e te r s  can  be d e f in e d :
o '  =
o ( l  +  SKh [L]> 
(1 +  Kh [L])
E q u a t io n  29
and
s '  =
s ( l  +  Kh [L]) 
(1 +  Kc [L ])
E q u a t io n  30
M a tr ix  4 can  now be  r e p r e s e n t e d  by t h e  f o l l o w in g  f a m i l i a r  form:
i  -  K  c*
c* 
h*
h*
1
1
o ' s ’ M a tr ix  5
The new p a r a m e te r s  c an  now be m a n ip u la te d  t o  p r e d i c t  f r a c t i o n  h e l i x  
f o r  t h e  h ig h  m o le c u la r  w e ig h t  a p p ro x im a t io n .
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f  -  ( s ' - l )  +  K s ' - l ) 2  +  A o ’ s M *  _  w
h 2 [ ( s ’ - l ) z + 4 0 ' s 1]*  E q u a t io n  31
T h is  e x p r e s s io n  i n  t u r n  can be r e a r r a n g e d  to  a form s i m i l a r  to  
E q u a t io n  27, which can be f u r t h e r  r e a r r a n g e d  to  th e  fo l lo w in g :
£ -  ( « ' - ! > 2 „ h s r e  f
a o ’ s '  a ( f h- f h 2>
Now by r e s u b s t i t u t i n g  th e  e x p r e s s io n s  f o r  o '  and s ' , we have
i1 + - ll
l l  + IKh[L ] l |  l l  + Kc [Lll Jf a  = as
E q u a tio n  32
and i f  E = 1 ,  th e n
[• ( S S )  • 0 ’
By a d j u s t i n g  Kc , K^, and E one may f i t  a number o f  cu rv e s  o f  th e  
e x p e r im e n ta l ly  c a l c u l a t e d  f  v e r s u s  th e  a c t i v i t y  o f  th e  l i g a n d .  A 
com puter program  u s in g  th e  SAS ( S t a s t i c a l  A n a ly s is  System) and th e  IBM 
3033 com puter was used  f o r  cu rve  f i t t i n g  (150) . The p ro c e d u re  was 
ta k e n  from th e  SAS l i b r a r y  and was c a l l e d  NLIN f o r  n o n l in e a r  cu rv e  
f i t t i n g .  T h is  p ro c e d u re  i s  q u i t e  v e r s a t i l e .  I t  h a s  o p t io n s  o f  
s e t t i n g  i n  s t a r t i n g  v a lu e s  o f  th e  p a ra m e te rs  to  be d e te rm in ed  o r  i t  
w i l l  s e a r c h  a  f i e l d  o f  p a ra m e te rs  f o r  minimum s t a r t i n g  v a lu e s  f o r  th e  
r e g r e s s i o n  p a r t  o f  t h e  program . Any one o f  t h r e e  methods o f  cu rve
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f i t t i n g  can  be chosen . For t h i s  work th e  Gaus-Newton method was 
chosen  f o r  c u rv e  f i t t i n g .  F u r th e r  SAS p ro c e d u re s  in c o r p o r a te d  i n  th e  
method p l o t t e d  and p r i n t e d  d a t a  f o r  q u ic k  a n a l y s i s .  See Appendix 2 
f o r  t y p i c a l  program and o u tp u t s .
The d a t a  from th e  NaClO^ work cou ld  n o t  be f i t  by E q u a tio n  32 
o r  E q u a t io n  33. E q u a tio n  33 co u ld  g iv e  a  r e a s o n a b le  f i t  t h e  low 
c o n c e n t r a t i o n  p o r t i o n  o f  t h e  Ca& 2  d a t a .  The v a lu e s  o f  th e  p a ra m e te rs  
th u s  g e n e r a te d  were somewhat e q u iv o c a l  and much d a ta  had to  be 
d e l e t e d  to  g e t  th o s e  v a l u e s .
U sing th e  v a lu e s  o f  a from S cheraga  and cow orkers  o r  
g e n e r a t i n g  a from th e  work o f  S cheraga  and co w o rk ers ,  one can 
c a l c u l a t e  s ’ by E q u a t io n  28 (assum ing E = 1 ) .  With s ’ now a fu n c t io n  
o f  f r a c t i o n  h e l i x  and c o n s t a n t  th e  f o l lo w in g  e q u a t io n  can be used  
i n s t e a d  o f  E q u a t io n  33 t o  f i t  t h e  CaCl2 d a ta :
s '  = s  E q u a tio n  34
\ l  +  KC[L ] /
The i n c r e a s e  i n  h e l i x  w i th  i n c r e a s i n g  low c o n c e n t r a t i o n  o f  
NaClO^ can be  f i t  by E q u a t io n  34 w i th  > Kc . The problem  of th e  
d e c r e a s in g  p o r t i o n  o f  th e  cu rv e  s t i l l  r e m a in s .  At t h i s  p o in t  i t  i s  
n e c e s s a r y  t o  assume t h a t  some f a c t o r s  beyond th o s e  a l r e a d y  m entioned  
may b e  p l a y in g  a  p a r t  i n  t h e  s a l t  e f f e c t s .  A common phenomenon in  
p r o t e i n  b in d in g  o f  l ig a n d s  i s  c o o p e r a t i v i t y  (156) o r ,  a s  th e  case  may 
b e ,  a n t i - c o o p e r a t i v l t y .  To a l lo w  f o r  b o th  e v e n t s ,  E q u a tio n  34 can be 
m o d if ie d  a s  f o l lo w s :
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E q u a t io n  35
The v a l u e s  o f  n c and can  be a d j u s t e d  so t h a t  b in d in g  to  h e l i x  o r  
c o i l  can  be  c o o p e r a t i v e  (n  > 1) o r  a n t i - c o o p e r a t i v e  (n < 1 ) ( 1 5 1 ) .  By 
env o k in g  n c and n ^  and u s in g  c u rv e  f i t t i n g  t e c h n i q u e s ,  i t  was found 
t h a t  nc  c o u ld  rem a in  1 w h i l e  n^  tu rn e d  o u t  t o  be  0 .9 8  ± 0 .0 1  f o r  most 
o f  t h e  NaClO^ d a t a .  The f i t  t o  d a t a  a s  d e te rm in e d  by co n v erg en ce  o f  
t h e  p rog ram  and program  g e n e r a te d  r e s i d u a l  sums was e x c e l l e n t .  The 
CaCl2 d a t a ,  w i th o u t  t h e  z e r o  p o i n t s ,  b u t  u s in g  t h e  h ig h  a c t i v i t y  d a ta  
was a l s o  f i t  w i th  n c = 1 , b u t  w i th  n h > 1 (n^  = 1 .0 5  ± 0 .0 4  f o r  m ost 
d a t a ) .  F u r th e rm o re  t h e  d a t a  f o r  CaCl2 co u ld  n o t  be f i t  s e t t i n g  
= 1 and a l lo w in g  n c t o  be l e s s  th a n  one.
51 , 52 ,  53 , 54 , 55 ,  56 ,  5 7 ,  58 , and 59 . The f o l l o w in g  e q u a t i o n  i s  
assumed to  be  t h e  p ro p e r  one t o  f i t  a l l  t h e  s a l t  e f f e c t  d a t a .
V a lu es  o f  K^, Kc , and n w ere  t a k e n  from t h e  v a l u e s  g e n e r a te d  by th e  
SAS program  and a r e  l i s t e d  i n  T ab le  5. The b in d in g  c o n s t a n t s  te n d  to  
i n c r e a s e  w i th  t e m p e r a tu r e  and th e  n  v a lu e s  show a s l i g h t  d e c r e a s e  
w i th  t e m p e r a t u r e .  and K a r e  a lw ays  s t r o n g l y  c o r r e l a t e d  and 
t h e  r a t i o  o f  v a r i e s  from  0 .5  to  1 .0  f o r  a l l  t h e  c o m b in a t io n s
o f  s a l t s  and p e p t i d e s  e x c e p t  t h e  one most s u s p e c t  v a lu e  ( s e e  T ab le  5 ) .
The d a t a  and g e n e r a te d  c u rv e s  a r e  p l o t t e d  i n  F ig u r e s  4 9 ,  50,
E q u a t io n  36
Table 5. Binding constants at various temperatures
Polym er
T e m p e ra tu re
"C
o  x 10*8 bs "h
S ta n d a rd
E rro r* ’ Kc
S ta n d a rd
E r r o r b
bn S ta n d a rd
E r r o r *5
B in d in g  o f  CaCl2
PHBG 5 _c7 .0 1 .0 6 9 0 .0 5 9 3 0 .0 3 1 0 .1 0 8 0 .0 3 8 1 .0 8 7 0 .0 4 4
PHBG 25 6 .8 1 .0 2 3 0 .0 3 6 1 0 .0 1 3 4 0 .0 7 1 4 0 .0 1 5 4 1.122 0 .0 4 1
PHBG 47 6 .0 0 .9 8 9 0 .0 9 3 8 0 .0 3 5 9 0 .1 3 3 0 .0 4 0 1 .0 5 6 0.022
PHBG 65 5 .6 0 .9 6 7 0 .0 9 5 4 0 .0 2 9 0 .1 3 7 0 .0 3 3 1 .0 6 4 0 .0 1 7
PHPG 5 2. 2C 0 .9 8 3 0 .0 4 8 1 0 .0 0 6 6 0 .0 8 7 8 0.0102 1 .1 1 9 0 .0 0 7
PHPG 25 1 .8 0 .9 7 1 0 .0 4 4 3 O.OD27 0 .0 8 9 0 0 .0 0 4 4 1-1 4 7 0 .0 0 3
PHPG 40 1 .4 0 .9 6 3 0 .4 1 3 0 .0 8 4 0 .4 5 6 0 .0 8 7 1.022 0 .0 0 3
PHPG 65 1 .4 0 .9 4 0 0 .7 2 4 0 .5 0 2 0 .8 2 7 0 .5 3 0 1 .0 3 6 0 .0 1 5
PHBG 5 1 .9 d 1 .0 3 4 0 .0 6 1 4 0 .0 3 0 6 0 .0 8 6 2 0 .0 3 3 5 1 .0 5 2 0 .0 2 6
PHBG 25 2.6 1.012 0 .0 0 1 6 4 0 .0 0 1 1 3 0 .0 1 9 1 0 .0 0 2 7 9 1 .5 8 4 0 .1 3 7
PHBG 65 1.8 0 .9 8 1 0 .1 0 3 0 .0 3 1 0 .1 2 7 0 .0 3 3 1 .0 3 7 0.010
PHBG 47e - - - - - “
B in d in g  o f  NaClO&
PHBG 5 7 .0 ° 1 .0 7 6 2 .2 8 1 .6 1 2.22 1 .5 7 0 .9 4 6 0 .0 1 4
PHBG 25 6 .8 1 .0 3 1 0 .2 8 3 0 .1 0 9 0 .2 8 2 0 .1 0 7 0 .9 5 7 0 .0 0 7
PHBG 39 6.6 1.001 0 .3 7 2 0 .1 0 4 0 .3 6 6 0.102 0 .9 6 8 0 .0 0 4
PHBG 55 6 .0 0 .9 7 6 0 .5 5 3 0 .1 0 4 0 .5 4 0 0.102 0 .9 7 3 0.002
PHBG 71 5 .6 0 .9 5 5 0 .1 6 9 0 .1 1 6 0 .1 5 6 0 .1 1 4 0 .9 3 5 0 .0 3 5
Table 5 Continued
Polym er T e m p e ra tu re'C
4a
o x  10 bs *h
S ta n d a rd
E r r o r h Kc
S ta n d a rd
E rro r* ’
bn S ta n d a rdE r r o r
PHPG 5 2 . 2° 0 .9 8 2 2 ,3 3 0 .4 8 2 .2 6 0 .4 7 0 .9 8 5 0.002
PHPG 15 2 .0 0 .9 7 4 2 .3 1 0 .4 6 2 .2 4 0 .4 5 0 .9 8 6 0.002
PHPG 25 1.8 0 .9 7 2 1 .7 6 0 .3 6 1 .6 9 0 .3 5 0 .9 8 4 0.002
PHPG 60 1 .6 0 .9 6 5 2 .5 6 0 .4 1 2 .4 9 0 .4 0 0 .9 9 0 0.001
PHPG 55 1.6 0 .9 5 2 1.88 0 .6 2 1 .8 1 0 .6 0 0 .9 8 4 0 .0 0 3
PHPG 70 1.6 0 .9 4 0 1 .7 8 0 .5 8 1 .7 0 0 .5 6 0 .9 8 0 0 .0 0 4
PHEG 5 .5 1 .4 f 0 .9 2 7 3 .1 5 0 .9 2 0 2 .9 2 0 .8 5 0 .9 8 1 0 .0 0 3
PHEG 25 1.6 0 .8 5 3 7 .6 6 2 .0 5 6 .6 2 1 .7 1 0 .9 9 0 . 0 .0 0 3
PHEG 6 0 .5 1.6 0 .8 1 0 1 0 .9 1 7 .5 9 .0 8 1 3 .5 0 .9 9 4 0.011
PHEG 648 1.6 0 .6 3 9 1 .9 0 4 .1 6 1.01 2 .5 8 0 .8 9 0 0 .2 4 8
£
V a lu e s  o f  a  u se d  in  c a l c u l a t i o n s .
^SAS p ro g ram  g e n e r a te d  v a lu e s .
cV a lu e s  o f  a  ta k e n  from  von  D re e le  at  a l .  ( 5 6 ) .
^ V a lu e s  o f  0 c a l c u l a t e d  b y  E q u a tio n  27 u s in g  v a lu e s  o f  s  from  von D re e le  eb at.  ( 5 6 ) .
e V alu e  o f  s  a t  4 7°C a g r e e s  w ith  t h a t  o f  von D re e le  e.b at.  ( 5 6 ) .
^T e m p e ra tu re  in d e p e n d e n t  v a lu e  o f  o assum ed in  t h i s  w o rk .
£
°A t t h i s  te m p e ra tu r e  c o n s t a n t s  f o r  PI1F.G w ere  s o  im p re c is e  t h a t  th e y  w ere  n o t  u se d  f o r  f u r t h e r  c a l c u l a t i o n s .
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F ig u r e  49. s '  v a lu e s  o f  PHBG p l o t t e d  a g a i n s t  a c t i v i t y  of C a C ^  a t  
5°C (*) and 70°C (*) w i th  th e  com puter c a l c u l a t e d  c u rv e  
f o r  s ' .
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1.04
1.00
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088
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ACTIVITY C aC i,
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F ig u re  50 . V alues o f  s '  f o r  PHPG p l o t t e d  a g a i n s t  a c t i v i t y  o f  C aC ^  
a t  5°C» 25°C, 40cC, and 65°C w i th  computer g e n e ra te d  
c u rv e s  showing th e  d a ta  f i t .  H o r i z o n ta l  l i n e s  r e p r e s e n t  
v a lu e s  o f  s '  t h a t  w i l l  y i e l d  f r a c t i o n  h e l i x  v a lu e s  o f  
1%. F r a c t i o n  h e l i x  can n o t  be m easured  f o r  s '  v a lu e s  
a t  each  te m p e ra tu re  below  th e  i n d i c a t e d  l i n e .
0.9;
40 C0.96
40°C and 65°C
5°C
25 C
80 10040 60
ACTIVITY CaCle
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F ig u r e  51. F r a c t i o n  h e l i x ,  f^> o f  PHBG a s  a f u n c t io n  o f  a c t i v i t y  
o f  NaC10A a t  5°C ( • ) ,  25°C ( * ) ,  39°C ( o ) , 55°C ( * ) ,  
and 71°C (©). The f i g u r e  in c lu d e s  th e  computer 
e s t im a te d  c u rv e s  to  show d a ta  f i t .
16
0
1U|
0.8
0.8
0.7
O.G
uTO.5
0.4
0.3
0 2
0.1
Q- *.o ~-o.
o 3
ACTIVITY NaCIO,
4 5
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F ig u re  52. F r a c t io n  h e l i x ,  f^» o f  PHPG as  a fu n c t io n  o f a c t i v i t y  
o f  NaC104 a t  5°C ( • ) ,  15°C (★) , 25°C ( o ) ,  40°C ( i ) , 
55°C (☆), and 70°C (0 ) .  The f i g u r e  in c lu d e s  computer 
e s t im a te d  c u rv e s  to  i l l u s t r a t e  th e  cu rve  f i t .
0.4
ACTIVITY N aC IO ,
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F ig u re  53. F r a c t i o n  h e l i x ,  f^» o f  PHEG a s  a fu n c t io n  o f  a c t i v i t y  
o f  NaC104 a t  5 .5°C  (i t ) ,  25°C ( 0 ) ,  40 .5°C  ( o ) , and 
64°C ( • ) .  The f i g u r e  in c lu d e s  th e  computer g e n e ra te d  
cu rv e s  t o  i l l u s t r a t e  th e  cu rve  f i t .
0.2
ACTIVITY NaCIO*
O
6
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F ig u r e  5k.  P l o t  o f  In  o f  CaC12 b i a d i n S to  PHPG (*) and PHBG (☆) 
v e r s u s  l /T °K  show ing l i n e a r  r e g r e s s i o n  l i n e s  used  to  
c a l c u l a t e  AH^- E r r o r  b a r s  r e p r e s e n t  SAS p rog ram - 
g e n e r a te d  s t a n d a r d  e r r o r .
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F ig u r e  55. P l o t  o f  In  Kc o f C aC ^  b in d in g  to  PHBG (☆) and PHPG ( • )  
v e r s u s  1/T°K w i th  l i n e a r  r e g r e s s i o n  l i n e s  used  to  
c a l c u l a t e  AHc . E r r o r  b a r s  r e p r e s e n t  SAS program - 
g e n e ra te d  s ta n d a rd  e r r o r .
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F ig u r e  56 . P l o t  o f  In  o f  b in d in g  o f  NaClO^ to  PHBG ( i t ) ,  PHPG ( * ) ,
and PHEG ( • )  v e r s u s  1/T°K. The l i n e a r  r e g r e s s i o n  l i n e s
u sed  t o  c a l c u l a t e  AH  ^ a r e  in c lu d e d .  The p o i n t  w i th  th e
a rro w  was n o t  in c lu d e d  in  th e  c a l c u l a t i o n  o f  AH, o f  PHEGh
b e ca u se  o f  p ro b a b le  l a c k  o f  p r e c i s i o n  due to  e x t re m e ly  
low f r a c t i o n  h e l i x  a t  64°C. E r r o r  b a r s  r e p r e s e n t  SAS 
p ro g ra m -g e n e ra te d  s t a n d a r d  e r r o r .
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F ig u re  57 . P l o t  o f  In  o f  b in d in g  o f  NaClO^ to  PHEG (☆), PHPG ( a ) ,  
and PHEG ( • )  v e r s u s  1/T°K. The l i n e a r  r e g r e s s i o n  l i n e s  
a r e  in c lu d e d  i n  th e  g ra p h .  The p o i n t  w i th  th e  a rrow  
(PHEG, 64°C) was n o t  in c lu d e d  i n  th e  c a l c u l a t i o n s  due 
t o  l a c k  o f  p r e c i s i o n  b eca u se  o f  s m a l l  f r a c t i o n  h e l i  x 
un d e r  t h e s e  c o n d i t i o n s .  E r r o r  b a r s  r e p r e s e n t  SAS 
p ro g ra m -g e n e ra te d  s t a n d a r d  e r r o r .
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F ig u re  56. P lo t  o f  n v a lu e s  f o r  b in d in g  of C aC ^ to  PHBG {*, and
PHPG (* ) ,  and NaClC>4 to  PHBG ( • )  , PHPG (* ) ,  and
PHEG (@) v e r s u s  te m p e ra tu re ,  °C.
1.12
1.06
«= 1,00
0.94
0.88
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F ig u re  59. Computer e s t im a te d  v a lu e s  o f  s fo r  PHXG as a fu n c t io n  
of te m p e ra tu re :  PHBG, C aC ^ ( A )  > NaClO^ (■); PHPG,
CaCl2 (* ) ,  XaC104 ( • ) ;  PHEG, NaC104 (☆).
O o l
o t 9*0
ro
8*0
I
6*0
0 * 1
n
Table 6. Thermodynamic fu n c t io n s  c a lc u la te d  from and v a lu e s
. Temperature AH  ^ AHC AG  ^ AGC ASj, ASC
y________________ k ca l/m o le  kca l/m o le  kca l /m o le  k ca l/m o le  k ca l /m o le -d eg  k ca l/m o le-deg
Binding o f CaCl?
PHBG 5 2.16 1.20 1.56 1.23 2.16 -  0 .11
PHBG 25 2.16 1 .20 1 .97 1.56 0.64 -  0 .21
PHBG 47 2.16 1.20 1.50 1.28 2.06 -  0 .25
PHBG 65 2.16 1 .20 1.58 1.34 1.72 .- 0 .41
PHPG 5 9.58 7.77 1.68 1.34 28.4 23.1
PHPG 25 9.58 7.77 1.85 1.43 25.9 21.3
PHPG 40 9.58 7.77 0 .55 0.49 28.8 23.2
PHPG 65 9.58 7.77 0.22 0 .13 27.7 22.6
Binding o f  NaClO/,
PHBG 5 -5 .5 8 -5 .8 1 -0 .4 6 -0 .4 4 -1 8 .4 -1 9 .3
PHBG 25 -5 .5 8 -5 .8 1 0.75 0.75 -2 1 .2 -2 2 .0
PHBG 39 -5 .5 8 -5 .8 1 0 .61 0.62 -1 9 .8 -2 0 .6
PHBG 55 -5 .5 8 -5 .8 1 0.39 0.40 -1 8 .2 -1 8 .9
PHGB 71 -5 .5 8 -5 .8 1 1.22 1.27 -2 0 .1 -2 0 .6
PHPG 5 -0 .5 9 -0 .6 6 -0 .4 6 -0 .4 5 -  0.47 -  0 .75
PHPG 15 -0 .5 9 —0.66 -0 .4 8 -0 .4 6 -  0 .38 -  0 .69
PHPG 25 -0 .5 9 -0 .6 6 -0 .5 0 -0 .4 8 -  0 .30 -  0 .60
PHPG 40 -0 .5 9 -0 .  66 -0 .5 8 -0 .5 7 -  0 .03 -  0 .28
PHPG 55 -0 .5 9 -0 .6 6 -0 .4 1 -0 .3 9 -  0 .55 -  0.82
PHPG 70 -0 .5 9 -0 .6 6 -0 .3 9 -0 .3 6 -  0 .58 -  0 .78
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Table 6 Continued
Polymer Temperature°C
m h
k ca l/m o le
AHC
kcal/m ole
AGh
k cal/m o le
AGC
kca l/m o le
ASh
kcal/m o le-deg
ASC
k ca l/m o le -d eg
PHEG 5 +6.2 +5.6 -0 .6 3 -0 .5 9 24.6 22.2
PHEG 25 +6.2 +5.6 -1 .2 1 -1 .1 2 24.8 22.5
PHEG 40.5 +6 .2 +5.6 -1 .4 9 -1 .3 7 24.5 22.2
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The s t a n d a r d  rao la l  e n th a lp y  o f  b i n d i n g ,  Ahx ( x  = h o r  c ) ,  can 
be d e te rm in e d  from th e  s lo p e  o f  a p l o t  of l n l ^  (x = h o r  c) v e r s u s  1/T 
( F ig u r e s  55 , 56 , 57, 58 , 59) by th e  fo l lo w in g  e q u a t i o n :
Cd In  KxA  AHv— ^  - J  *=■ _ — “ E q u a t io n  37
P
The AHX v a lu e s  a r e  r e p o r t e d  i n  T a b le  6. M ola l f r e e  e n e rg y ,  AGX, can 
be c a l c u l a t e d  by
AGX = -  RT In  1^ E q u a t io n  38
w here x i s  h o r  c .  These v a l u e s  a r e  r e p o r t e d  in  T ab le  6. At a 
p a r t i c u l a r  t e m p e r a tu r e  th e  rao la l  e n t r o p y ,  ASX, can  be c a l c u l a t e d
AG = AH -  TAS„ E q u a t io n  39X X X
and i s  found i n  T a b le  6.
D e te r g e n t  B in d in g
I t  i s  i n t u i t i v e l y  a p p a r e n t  t h a t  a  s i m i l a r  t r e a tm e n t  to  th e  one 
above can  be u sed  f o r  b in d in g  s t u d i e s  o f  c h a rg ed  d e t e r g e n t s  to  c h a rg ed  
p o ly m e rs .  However t h e  s t a t i s t i c a l  w e ig h t  m a t r ix  w i l l  have  an e x t r a  
te rm  i n  i t  t h a t  p r e v e n t s  i t  from b e in g  re d u c ed  to  t h e  two by two
m a t r i x  t h a t  a l lo w s  th e  Zimm-Bragg method to  be h a n d led  a s  a n a l y t i c a l
e q u a t i o n s  r a t h e r  th a n  by m a t r ix  m u l t i p l i c a t i o n .  The fo l lo w in g  s l i g h t  
m o d i f i c a t i o n  o f  M a tr ix  2 can  be  u sed  f o r  b in d in g  o f  d e t e r g e n t s  to  
c h a rg ed  p o ly m e rs :
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i - l \ c- c*L h - h*L
c - Wcc K JL 1 ( V ° S a s I K j L ]
c*L 1 K ,[L] os osIK^[L]
h - Khe V L 1 whhs s i y i ]
h*h 1 Kc [L] s
s V L l
In  th e  above m a t r ix  th e  W's a r e  th e  s t a t i s t i c a l  w e ig h t in g  f a c t o r s  o f  
charged  r e s id u e  i ,  i n  w hich th e  s t a t e  o f  r e s id u e s  i - l »  i ,  i s  i n d i c a t e d  
by th e  s u b s c r i p t .  T rea tm en t o f  d a ta  w i th  t h i s  m a t r ix  w i l l  be more 
d i f f i c u l t  and m ust employ m a t r ix  a lg e b r a .  Such t r e a tm e n t  i s  beyond 
th e  scope  o f t h i s  d i s s e r t a t i o n ,  b u t  th e  d a ta  c o l l e c t e d  f o r  
p o ly (H is ) /S D S  and poly(Glu)/CTAC1 may e v e n tu a l ly  be an a ly z e d  in  such 
a  manner.
E r r o r
A maximum e r r o r  o f  150 m°cm/dmole was assumed f o r  CD m easure­
m en ts .  In  th e  b u lk  o f  t h i s  w ork, t h a t  c o r re sp o n d s  to  ro u n d in g  o f f  
to  th e  n e a r e s t  mm o f d i r e c t  m easurem ents  o f  CD d a t a .  The SAS program 
p r i n t s  o u t  s ta n d a r d  e r r o r  f o r  each  p a ra m e te r  e s t im a te d .  These 
s ta n d a rd  e r r o r s  a re  r e p o r t e d  i n  T ab le  5 and a r e  a good i n d i c a t i o n  of 
th e  e x p e r im e n ta l  e r r o r  i n  th e  p a ra m e te r s .  The s ta n d a rd  e r r o r  in  AG 
can be c a l c u l a t e d  from th e  s t a n d a r d  e r r o r  o f  th e  b in d in g  c o n s ta n t s  
and i n  some c a s e s  i s  v e ry  l a r g e .  E r r o r  a s s o c i a t e d  w i th  AH and 
t h e r e f o r e  AS i s  i n d i c a t e d  by th e  e r r o r  b a r s  in  F ig u r e s  54 th rough  57.
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For th e  PHPG work th e  e r r o r  in  th e  l i n e s  d e te rm in e d  i s  com parab le  
w i th  th e  s t a n d a r d  e r r o r .  For PHBG and PHEG th e  e r r o r  i s  l i k e l y  to  
be g r e a t e r  th an  s t a n d a r d  e r r o r .
Chapter V
DISCUSSION
The e f f e c t s  of n e u t r a l  s a l t s  on th e  co n fo rm a tio n  o f  p o ly ­
p e p t id e s  have been s tu d i e d  by a number o f i n v e s t i g a t o r s  (78 -80 , 83, 
144-149, 152 ) . The t h e o r i e s  t h a t  a t te m p t  to  e x p la in  th e  v a r io u s  
e f f e c t s  have been m entioned  e a r l i e r .  T h is  p ap er  w i l l  a t te m p t  to
e x p la in  th e  s a l t  e f f e c t s  o f  CaCl^ atid NaClO^ on po ly  N-5 (hydroxy-N-
2+a l k y l )  g lu ta m in e s  by showing th e  p r e f e r e n t i a l  b in d in g  o f th e  Ca or 
C10^ f o r  e i t h e r  c o i l  o r  h e l i x  r e s i d u e s .  F u r th e rm o re ,  th e  phenomena 
o f c o o p e r a t i v i t y  and a n t i c o o p e r a t i v i t y  i n  b in d in g  to  th e  h e l i x  w i l l  
be  a s s e r t e d .  The e x c e l l e n t  e m p i r i c a l  f i t  o f  th e  d a ta  by E q u a tio n  36
i n d i c a t e s  t h a t  th e  d a t a  a r e  n o t  i n c o n s i s t e n t  w i th  th e  th e o ry
r e p r e s e n te d  by t h i s  e q u a t io n .  The c a l c u l a t e d  v a lu e s  o b ta in e d  f o r  
and w i l l  be compared w i th  p r e v io u s ly  de te rm in ed  v a lu e s  f o r  o th e r  
s i m i l a r  sy s te m s .
- 2+The a n io n  CIO^ and c a t i o n  Ca b in d  to  amide g ro u p s .  These
io n s  have been  shown to  b in d  to  p o ly a c ry la m id e  g e l  (153 ) . The sodium
and c h lo r id e  io n s  show c lo s e  to  ze ro  b in d in g  to  th e  same g e l .  The
p e r c h l o r a t e  a n io n  i s  b e l i e v e d  to  b in d  to  amides by c h a r g e - d ip o le
i n t e r a c t i o n s  (8 3 ) .  T h is  ty p e  o f  i n t e r a c t i o n  i s  f e a s i b l e  in  bo th  h e l i x
and c o i l  r e s i d u e s  o f  PHBG, PHPG, and PHEG. These p e p t id e s  c o n ta in  an
amide group i n  th e  s id e  c h a in  a l s o .  T h e re fo re ,  b in d in g  p e r  r e s id u e
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may be more complex th a n  w i th  r e s id u e s  w i th  n o n -a m id e -c o n ta in in g  R 
g ro u p s .  In  th e  s t u d i e s  o f  NaClO^ i n t e r a c t i o n  w i th  PHBG, PHPG, and 
PHEG, b in d in g  c o n s t a n t s  were d e te rm in e d .  At a l l  te m p e ra tu re s  th e  
b in d in g  c o n s t a n t s  d e c re a se d  w ith  i n c r e a s i n g  l e n g th  o f  th e  N-hydroxy 
a l k y l  g roup . T h is  ten d en cy  compares f a v o ra b ly  w i th  th e  r e p o r t  of 
Hamabata and von H ip p e l  (154) on th e  b in d in g  o f amides and s a l t s .
These i n v e s t i g a t o r s  have  shown t h a t  th e  a f f i n i t y  o f  am ides f o r  s a l t s  
d e c r e a s e s  a s  i n c r e a s i n g  numbers o f  m e th y l  s u b s t i t u e n t s  a r e  p la c e d  
around th e  amide d i p o l e .  The fo l lo w in g  o r d e r  o f  d e c r e a s in g  a f f i n i t y  
o f  amides f o r  s a l t s  was e s t a b l i s h e d :  formamide > ace tam id e  -  N -m ethy l-
formamide > N -m ethy lace tam ide  -  N,N, d im ethy lform am ide > N,N, d im e th y l-  
a ce ta m id e .  B ind ing  c o n s t a n t s  f o r  NaClO^ to  polym ers  PHBG, PHPG, and 
PHEG ran g e  from 0 .17  to  1 0 .9  f o r  a h e l i c a l  r e s id u e  and 0 .1 6  to  9 .1  
f o r  a c o i l  r e s i d u e ,  A r e p o r t e d  v a lu e  o f  th e  b in d in g  c o n s ta n t  of 
NaClO^. to  th e  p r o t e c t e d  t r i p e p t i d e  AcCGly^OEt a t  25°C i s  0 .7 5  M ^
(8 3 ) .  A c t i v i t y  c o e f f i c i e n t s  were n o t  employed and th e  b in d in g  
c o n s ta n t  was d e te rm in ed  by s o l u b i l i t y  s t u d i e s  o f  Ac(Gly)^OEt. The 
b in d in g  c o n s ta n t  o f  NaClO^ to  a c ry la m id e  g e l  was de te rm in ed  to  be 
1 1 .5  x 10~2 M- 1 , 7 .9  x 10” 2 M- 1 , and 5 .2  x 10-2  M-1  a t  10°C, 25°C, and 
40°C, r e s p e c t i v e l y  (1 5 3 ) .  These v a lu e s  were d e te rm in ed  by 
ch ro m ato g rap h ic  m ethods u s in g  p o ly a c ry la m id e  columns.
I n v e s t i g a t i o n  by L otan  e t  a l .  (44) has  shown t h a t  aqueous 
s o l u t i o n s  o f fo rm ic  a c id  cause  e f f e c t s  on PHXG which a r e  v e ry  
s i m i l a r  to  th o s e  o f  NaClO^. F ig u re  60 r e p r e s e n t s  th e  e f f e c t s  of 
fo rm ic  a c id  a s  d e te rm in e d  by t h i s  g roup . The c u rv e s  a r e  s i m i l a r  to
F ig u r e  60. F r a c t i o n  h e l i x ,  f ^ ,  a s  a f u n c t i o n  o f  mole f r a c t i o n  o f  
w a te r  i n  fo rm ic  a c i d .  The f i g u r e  i s  red raw n  from 
L o tan  e t  a t .  (44) and r e p r e s e n t s  th e  f r a c t i o n  h e l i x  
o f  PHEG ( i ,  d e g re e  o f  p o ly m e r i z a t i o n ,  4 0 0 ) ,  PHPG (☆, 
d e g re e  o f  p o ly m e r i z a t io n ,  3 1 0 ) ,  and PHBG ( • ,  d eg re e  o f  
p o ly m e r i z a t io n ,  6 30 ) .
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th o s e  p r e d i c t e d  by E q u a t io n  36. L o tan  e t  d l .  (44) i n d i c a t e  t h a t
fo rm ic  a c id  can  b in d  to  am ides by hydrogen  b in d in g  to  th e  c a r b o n y l
oxygen and amide h yd rogen  s im u l t a n e o u s ly .  T h is  m u l t i p l e  b in d in g  may
be e s s e n t i a l  f o r  e f f e c t s  of th e  NaClO^ ty p e .  They, how ever, a s c r i b e
th e  e f f e c t s  o f  fo rm ic  a c i d - w a t e r  m ix tu r e s  to  s o lv e n t  e f f e c t s  r a t h e r
th a n  d i f f e r e n t i a l  b in d in g  to  c o i l  and h e l i x .
The b in d in g  o f  C a C ^  to  th e  amide g roup  i s  b e l i e v e d  by some
i n v e s t i g a t o r s  to  be due to  th e  i n t e r a c t i o n  o f  th e  h y d ra te d  c a t i o n
o f  c a lc iu m  w i th  th e  c a r b o n y l  p o r t i o n  o f  t h e  amide group  (8 3 ) .
C alcium  i s  known to  b in d  s t r o n g l y  to  some p r o t e i n s  (1 5 5 -1 5 7 ) .  Of
2+t h e  s i x  oxygen-Ca c o o r d in a t e  bonds o f  each  o f  th e  two c a lc iu m  io n s  
i n  c a rp  myogen, one o f  th e  l i g a n d s  i s  an amide c a r b o n y l  (1 5 5 ,1 5 6 ) .
Van d e r  Helm (157) h a s  shown t h a t  w i th  C a C l^ -g ly c y l  g l y c y l  g ly ­
c ine*  SH^O, c a lc iu m  i s  sev en  c o o r d in a te d  w i th  oxygen, t h r e e  o f  w hich 
a r e  amide c a r b o n y l s .  Bond d i s t a n c e s  o f  t h i s  complex ra n g e  from 
2 .2 9 6  to  2 .5 0 3  A.
In  t h i s  work c a l c u l a t e d  v a l u e s  f o r  th e  b in d in g  c o n s t a n t  o f  
C a C ^  t o  PHBG and PHPG ran g ed  from  1 .6  x  10 ^ m ^ to  7 .2  x  10 ^ m \  
B in d in g  c o n s t a n t s  o f  CaCl^ to  A c(G ly)^0E t and p o ly a c r y la m id e  g e l  were
- 1  - 1  - ir e p o r t e d  t o  be 2 .2  x  10 M and 5 .6  x 10 "  M , r e s p e c t i v e l y  (1 5 3 ) .  
The m ethods o f  d e te r m in in g  th e s e  v a l u e s  a r e  d e s c r ib e d  ab o v e . At 25°C,
40°C, and 65°C, t h e  v a l u e s  o f  K f o r  PHPG w ere  l a r g e r  th a n  th o s e  f o r
X
PHBG. At 5°C, t h e  PHBG v a l u e s  w ere  s l i g h t l y  l a r g e r  th a n  PHPG v a lu e s  
(PHBG: 1 ^ ,  K = 0 .059  and 0 .1 1 ,  r e s p e c t i v e l y ;  PHPG: 1 ^ ,  K «*
0 .0 4 8  and 0 .0 8 8 ,  r e s p e c t i v e l y ) .  The o v e r a l l  ten d en c y  i s  f o r
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s t r o n g e r  b in d in g  o f  C aC ^  to  th e  amide w i th  th e  s h o r t e r  h y d ro x y l  
a l k y l  g ro u p .
The S u r fa c e  o f  th e  a -H e l ix
B in d in g  o f  p r o to n s  to  u ncharged  p o ly (L y s )  has  been shown to  
be a n t i c o o p e r a t i v e  (158) and h a s  been  used  a s  a model f o r  b in d in g  o f 
a  l i g a n d  to  a r i g i d  l i n e a r  m acrom olecu le  o f  r e g u l a r  s t r u c t u r e  (1 5 8 ) .  
T h is  p a r t i c u l a r  m odel i s  n o t  a p p l i c a b l e  t o  th e  PHXG b in d in g  o f  s a l t s  
b e c a u se  th e  R g ro u p s  a r e  n o t  c h a rg e d .  The p o ly (L y s )  model o f  the  
m u l t i p l e  e q u i l i b r i a  ap p ro ach  to  c o o p e r a t i v i t y  (160) a l s o  r e q u i r e s  
p r e c i s e  knowledge o f  bound l i g a n d  i n  o r d e r  to  be u s e f u l .  For th e  
s a l t / p o l y m e r  s o l u t i o n s  i n v e s t i g a t e d ,  t h i s  ty p e  o f  d i r e c t  m easurem ent 
i s  im p o s s ib le .
The p o s s i b i l i t y  o f  b in d in g  o f  io n s  to  more th a n  one R group 
amide s im u l ta n e o u s ly  p r e s e n t s  an e x p la n a t i o n  o f  th e  r e l a t i v e  s i z e  o f  
and a s  w e l l  a s  a g r e e in g  w i th  s u r f a c e  model t h e o r i e s  t h a t  have 
been  t r e a t e d  m a th e m a t i c a l ly  (1 5 9 ) .  The s u r f a c e  o f  a h e l i x  p r e s e n t s  
a  u n iq u e ly  o rd e re d  s t r u c t u r e  to  a s o l u t i o n .  I f  a  h e l i x  s u r f a c e  i s  
"unw rapped" and d i s p l a y e d  a s  a two d im e n s io n a l  p l a n e ,  t h e  s u r f a c e  can. 
be  r e p r e s e n t e d  by F ig u r e  61 i n  w hich  each  d o t  r e p r e s e n t s  an R g ro u p . 
D o tte d  l i n e s  be tw een  R g ro u p s  i n d i c a t e  an i n t e r a c t i o n  w i th  a n o th e r  R 
group a s  t h e  g ro u p s  a r e  bound by a l i g a n d .  T h is  i n t e r a c t i o n  can be 
e i t h e r  c o o p e r a t iv e  o r  a n t i c o o p e r a t i v e .  The model d e p ic t e d  i s  th e  
"Honeycomb" m odel. A m a th e m a t ic a l  t r e a t e m e n t  o f  b in d in g  to  t h i s  
model i s  g iv e n  by P o lan d  (1 5 9 ) .  U n f o r t u n a te ly  t h i s  t r e a t m e n t ,  as
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F ig u r e  61. A d e p i c t i o n  o f  th e  ’’honeycomb l a t t i c e "  s u r f a c e  model
showing s i t e s  t h a t  can i n t e r a c t .  A s t a r  r e p r e s e n t s  an 
o c c u p ie d  s i t e  and c o n n e c t in g  b a r s  r e p r e s e n t  i n t e r a c t i o n  
t h a t  can  le a d  to  c o o p e r a t i v i t y .
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i n  m u l t i p l e  e q u i l i b r i a  t r e a t m e n t ,  r e q u i r e s  p r e c i s e  knowledge o f  th e
number o f  bound l i g a n d s  in  o r d e r  to  be o f  use  in  t h i s  w ork. Due to
th e  v e ry  h ig h  s a l t  c o n c e n t r a t i o n s  (> 1 m) and v e ry  low polym er
-4c o n c e n t r a t i o n s  ( = 10 M) e x a c t  b in d in g  i s  n o t  d i r e c t l y  m e a s u ra b le .
The v a lu e s  o f  and Kc in  T a b le  5 f o r  a l l  c o n d i t i o n s  i n d i c a t e  t h a t  
and Kc a r e  s t r o n g l y  c o r r e l a t e d .  O ther  th a n  th e  one v a lu e  w hich i s  
m ost s u s p e c t  ( s e e  T a b le  5 ) ,  r a t i o s  ranged  from 0 .5 0  to  0 .9 0  f o r
th e  C a C ^  b in d in g  s t u d i e s  and 1 .0 0 4  to  1 .2  f o r  th e  i n v e s t i g a t i o n s  o f  
NaClO^ b in d in g .  The b in d in g  c o n s t a n t  o f  t h e  NaClO^ to  th e  h e l i x  i s  
g r e a t e r  th a n  t h a t  o f  th e  c o i l .  I n  th e  h e l i x  c o n fo rm a t io n  th e  b ack ­
bond am ides a r e  in v o lv e d  in  i n t r a c h a i n  h yd rogen  b o n d in g  a s  w e l l  as  
b e in g  s h i e l d e d  by o t h e r  R g roup  a tom s. I t  i s  o b v io u s  t h a t  a h e l i x  to  
c o i l  t r a n s i t i o n  o f  PHXG w i l l  expose  more amide R g roups  t o  th e  
s o l v e n t .  With t h e  g r e a t e r  number o f  b in d in g  s i t e s  th u s  e x p o sed , i t  
m ig h t  be e x p e c te d  t h a t  Kc w i l l  be  g r e a t e r  th a n  f o r  an amide b in d in g  
s a l t .  However, th e  s u r f a c e  o f  th e  h e l i x  h a s  p r o p e r t i e s  a l r e a d y  
m en tio n ed  t h a t  may e n a b le  th e  io n  i n  q u e s t i o n  t o  b in d  more th a n  one 
amide g roup  s im u l t a n e o u s ly .  A ls o ,  th e  g r e a t  d e c r e a s e  i n  e n t ro p y  
r e q u i r e d  t o  p o s i t i o n  two c o i l  am ides f o r  b in d in g  one io n  would make 
su ch  b in d in g  u n f a v o r a b le  i n  th e  c o i l  s t a t e .  The C10^ i s  a
O
sy m m e tr ic a l  t e t r a h e d r o n  whose bond l e n g t h s  a r e  1 .5 6  A (161) and th e
O
d i s t a n c e  b e tw een  oxygen atoms i s  c a l c u l a t e d  to  be 2 .7  A, and t h a t  
be tw een  o u t e r  edges  o f  th e  oxygen a to m s, -  4 .1  A (1 6 2 ) .  The 
d im e n s io n s  o f  t h i s  io n  b r i d g e  th e  gap be tw een  s u c c e s s i v e  R g roups  o f  
th e  backbone o r  c o n s e c u t iv e  R g ro u p s  in  th e  c h a in .  F ig u r e  62
F ig u re  62. R e p re s e n ta t io n  o f  the  s i z e  o f  a p e r c h lo r a t e  io n  
compared w ith  a s e c t i o n  of a - h e l i x ,  i l l u s t r a t i n g  
t h a t  the  p e r c h lo r a t e  io n  can p o s s ib ly  bind to  more 
than  one r e s id u e .
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i l l u s t r a t e s  th e  s i z e  o f  t h e  p e r c h l o r a t e  io n  r e l a t i v e  t o  a  segment 
o f  an  a - h e l i x .  S im u ltan eo u s  b in d in g  o f  more th a n  one R g roup  amide 
by th e  p e r c h l o r a t e  a n io n  can l e a d  t o  th e  v a lu e s  f o r  w hich  a re  
g r e a t e r  th a n  th o s e  o b ta in e d  f o r  K^.
T h is  s o r t  o f  r e a s o n in g  l e a d s  t o  a n o th e r  im p o r ta n t  p o in t  of 
th e  h e l i c a l  m odel. As th e  number o f  bound CIO^ io n s  i n c r e a s e s ,  th e  
a b i l i t y  o f  each  new io n  to  b in d  two o r  more s i t e s  d e c r e a s e s  (1 5 9 ) ,  
th u s  th e  a f f i n i t y  f o r  each  io n  d e c r e a s e s  a s  th e  number of bonds 
i n c r e a s e .  T h is  ty p e  o f  bon d in g  b e h a v io r  i s  r e f l e c t e d  in  a v a lu e  o f  n 
i n  E q u a t io n  36 l e s s  th a n  one . In  t h i s  c a se  n i s  a n a lo g o u s  to  th e  
H i l l  c o e f f i c i e n t  (1 5 1 ) .  The v e r y  s m a l l  d e g re e  o f  a n t i c o o p e r a t i v i t y  
n e c e s s a r y  f o r  th e  l a r g e  e f f e c t s  on th e  h e l i x  o f  PHXG po lym ers  i s  
r e f l e c t e d  i n  th e  s i z e  o f n ( -  0 .9 8 )  f o r  t h e  p e r c h l o r a t e  io n  b in d in g .  
F ig u r e  63 r e p r e s e n t s  t h e  h e l i x  a s  a  p la n e  w i th  t h e  amide c o n ta i n in g  
s i d e  c h a in  r e p r e s e n t e d  by a rro w s  whose d i r e c t i o n  i s  t h e  d i r e c t i o n  o f  
th e  d ip o le  moment o f  each  R g roup  am ide. P a r t  A o f  F ig u r e  63 
i l l u s t r a t e s  a  segm ent o f  a - h e l i x  i n  w hich th e  R g ro u p s  a r e  
ran d o m ized . P a r t  B r e p r e s e n t s  th e  h e l i x  a t  h i g h e r  c o n c e n t r a t i o n s  of 
NaClO^. F i n a l l y ,  t h e  s i t u a t i o n  i n  w hich  b in d in g  o f  th e  n e x t  
p e r c h l o r a t e  io n  w i l l  be w eaker due t o  th e  i n a b i l i t y  o f  th e  io n  to  
b in d  more th a n  one d i p o l e  i s  shown i n  P a r t  C.
CaCl^ b in d in g  t o  PHXG amide g ro u p s  may be  a t t r i b u t e d  to  
c o o r d i n a t i o n  ty p e  b o n d in g  (155-157) o r  h y d r a te  s h e l l  b in d in g  (83) as  
d e s c r ib e d  ab o v e . In  e i t h e r  c a se  b in d in g  to  t h e  c o i l  i s  s t r o n g e r  th a n  
b in d in g  to  t h e  h e l i x  ( i . e . ,  > K ^ ) . The r a t i o  o f  th e  b in d in g
F ig u r e  63a . I l l u s t r a t i o n  o f  th e  a rra n g em en t  on a  " h e l i x  s u r f a c e "  
o f  PHXG of t h e  random ized  d i p o l e  moments o f  th e  
R -group  w i th  no bound l i g a n d .
F ig u r e  63b. I l l u s t r a t i o n  o f  th e  s u r f a c e  o f  F ig u r e  63a w i th  bound 
l i g a n d  t h a t  can  b in d  t h r e e  d i p o l e s  a t  o nce . T h is  
f i g u r e  r e p r e s e n t s  low a c t i v i t i e s  o f  l i g a n d .
F ig u r e  63c . I l l u s t r a t i o n  o f  th e  s u r f a c e  o f  F ig u r e  63a w i th  bound 
l i g a n d  a t  h ig h  a c t i v i t i e s ,  a s i t u a t i o n  i n  w hich  th e  
n e x t  l i g a n d  t o  b in d  w i l l  be  bound l e s s  s t r o n g l y .
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F ig u re  64. R e p r e s e n ta t io n  of the  h e l i x  s u r f a c e  of F ig u re  63a w ith
24-
bound Ca ( • )  and Cl ( • ) .  The f i g u r e  i l l u s t r a t e s  a 
way i n  which s a t u r a t i o n  o f  th e  h e l i x  s u r f a c e  a t  h igh  
a c t i v i t i e s  could  le ad  to  f a v o ra b le  n e a r e s t  ne ighbor 
d ip o le  i n t e r a c t i o n s .
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F ig u re  65 P lo t  of TAS, k c a l /m o le ,  v e rs u s  AH,. k c a l/m o le  f o r  s a l t  
b in d in g  to  th e  PHXG h e l i x ,  i l l u s t r a t i n g  e n th a lp y -  
en tro p y  com pensation: PHBG, CaCl2 (*)> XaClO^ ( o ) ;
PHPG, CaCl2 (* ) ,  NaClO^ (☆); and PHEG, NaClO^ ( • ) .
HV
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c o n s t a n t s  range  from 0 .5  to  0 .9 .  In  th e  c o i l  con fo rm ation  t h e r e  a re
tw ice  a s  many amide b in d in g  s i t e s ,  however, ca lc ium  b in d in g  o f  two
such amides by one ion  would be made u n fa v o ra b le  due to  th e  d e c rea se
i n  en tro p y  re q u i r e d  when two amides a r e  h e ld  a t  the  p r e c i s e  d i s t a n c e
fo r  bonding . In  th e  h e l i x  m u l t ip l e  b in d in g  may o c cu r ,  p roducing
v a lu e s  o f  t h a t  a re  c lo se  to  v a lu e s  f o r  K^. F ig u re  64 d em o n stra tes
2+a model by which b in d in g  of Ca to  a h e l i x  s u r fa c e  could  be 
c o o p e r a t iv e .  Th is  d e p ic t s  b in d in g  o f CaCl^ to  h e l i c a l  PHBG a t  ve ry  
h ig h  a c t i v i t i e s .  At an a c t i v i t y  of 100 and b in d in g  c o n s ta n t s  of 0.04 
to  0 .7 ,  an 30 to  99% s a t u r a t i o n  o f  the  b in d in g  s i t e s  i s  p r e d i c t e d .  
F ig u re  64 i l l u s t r a t e s  a type o f  b in d in g  p a t t e r n  t h a t  cou ld  le a d  to  
long  and s h o r t  term  fa v o ra b le  d ip o l e - d i p o l e  i n t e r a c t i o n s  o f  the  R 
group amides t h a t  s t a b i l i z e  th e  h e l i x .  The e f f e c t  would be seen  when 
l a r g e  p o r t i o n s  of th e  h e l i x  s u r f a c e  a re  s a t u r a t e d  by b in d in g  io n s  and 
would be c o o p e r a t iv e .
The models d e sc r ib e d  above a re  n o t  meant to  be p r e c i s e  
d e s c r i p t i o n s  o f  th e  b in d in g  phenomena, b u t  a r e  meant to  be one of 
many p l a u s i b l e  e x p la n a t io n s  of th e  observed  e f f e c t s  o f  th e  b in d in g  
o f  s a l t s  to  p o ly p e p t id e  c o i l s  and h e l i c e s .
The V alues o f  n
The v a lu e s  of n in  E q u a tio n  36 a re  found in  T ab le  6 and a re  
p l o t t e d  i n  F ig u re  59. As th e  te m p e ra tu re  i n c r e a s e s ,  th e  v a lu e s  a r e  
seen  to  be ap p roach ing  a v a lu e  o f  1 .0  in  th e  range  from 5°C to  55°C. 
V alues a t  65°C to  70°C have a l a r g e r  e r r o r  due to  th e  h ig h e r
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a b s o rb a n c e s  o f  th e  s o l u t i o n s  and l e s s  h e l i x  f r a c t i o n  a t  t h a t  
t e m p e r a tu r e .  A d e c r e a s e  i n  c o o p e r a t i v i t y  o r  a n t i c o o p e r a t i v i t y  w i th  
te m p e r a tu r e  i s  f e a s i b l e  s i n c e  b o th  phenomena depend on an o rd e re d  
s u r f a c e  which can become l e s s  o rd e re d  a t  a h ig h e r  t e m p e r a tu r e .  The 
g r e a t e r  v a r i a b i l i t y  o f  th e  n v a lu e s  from th e  CaCl^ b in d in g  d a ta  may 
b e  a r e f l e c t i o n  o f  th e  few er number o f  d a t a  p o i n t s  used  f o r  cu rv e  
f i t t i n g .  The n ' s  d e te rm in e d  f o r  b in d in g  o f  NaClO^ to  PHBG were 
g e n e r a l l y  s m a l l e r  th a n  th o s e  f o r  PHPG, w hich w ere  s l i g h t l y  s m a l l e r  
th a n  th o s e  o f  PHEG (T < 60cC ). The b in d in g  o f  NaClO^ seems to  be 
l e s s  c o o p e r a t i v e  a s  th e  R group N-hydroxy a l k y l  rao ity  becomes lo n g e r .
Z ero  V alues  o f  F r a c t i o n  H e l ix  i n  CaCl2 B in d in g
F ig u r e s  42 b and 43 b i l l u s t r a t e  th e  f r a c t i o n  h e l i x  o f  PHBG 
and PHPG, r e s p e c t i v e l y ,  a s  a f u n c t i o n  o f  m o l a l i t y  o f  C aC ^* At 47°C 
and 65°C i n  F ig u r e  42 b f ^  d ro p s  to  z e ro  a t  a b o u t  4 m C a C ^ .  In  
F ig u r e  43 b a l l  th e  c u rv e s  from ab o u t 2 in t o  3 m C a C ^  r e a c h  z e ro  
f r a c t i o n  h e l i x .  T h is  phenomenon can  b e  e x p la i n e d  by exam in ing  
F ig u r e s  49 and 50 . In  t h e s e  i l l u s t r a t i o n s  h o r i z o n t a l  l i n e s  a r e  
drawn a t  s '  v a l u e s  f o r  each  te m p e r a tu r e  a t  w hich f r a c t i o n  h e l i x  i s  
e q u a l  to  0 .0 1 .  The ra n g e  o f  t h e  c u rv e s  below  t h e  l i n e  c o r re s p o n d  to  
v a l u e s  o f  f r a c t i o n  h e l i x  w hich  a r e  to o  low to  m easure  a c c u r a t e l y ,  
t h e r e f o r e  p ro d u c in g  n e g a t i v e  v a l u e s  i n  some c a s e s .  For r a n g e s  o f 
a c t i v i t y  w here t h e  p l o t  o f  s ’ v e r s u s  a c t i v i t y  d ip s  be low  th e  
f ^  = 0 .0 1  l i n e ,  z e ro  o r  n e g a t i v e  v a l u e s  a r e  t o  be e x p e c te d .  T h is  
method does  n o t  p r e d i c t  v a l u e s  o f  l e s s  th a n  1% h e l i x  f o r  PHBG a t  5°C.
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E s t im a t io n  o f _s f o r  PHEG
The v a lu e  o f  s f o r  each  o f  th e  b in d in g  s i t u a t i o n s  was
e s t im a te d  by th e  com puter program  w ith  th e  p a ra m e te rs  n ,  K^, and K^ ;
i n  o rd e r  to  produce a " b e s t  f i t . "  The computer g e n e ra te d  v a lu e s  of
s were in  ve ry  good agreem ent w ith  s  v a lu e s  c a l c u l a t e d  from th e
f r a c t i o n  h e l i x  a t  z e ro  c o n c e n t r a t i o n  o f th e  s a l t  f o r  PHPG and PHBG.
PHEG has  an unm easurab le  f r a c t i o n  h e l i x  in  w a te r  s o l u t i o n s  and a and
s have n o t  been  c a l c u l a t e d  f o r  i t .  S in c e  NaClO^ induced  enough h e l i x
fo rm a t io n  to  d e te rm in e  f r a c t i o n  h e l i x ,  th e  in fo r m a t io n  was hand led
by th e  SAS program u s in g  d a t a  a t  which f r a c t i o n  h e l i x  o f  g r e a t e r  th an
0 .0 1  was d e te rm in e d .  The program was a b le  to  e s t i m a te  ( e x t r a p o l a t e )
s from t h i s  d a ta  u s in g  th e  te m p e ra tu re  in d ep en d e n t  e s t i m a t i o n  o f 
-41 .4  x 10 f o r  a .  V alues  f o r  s were found to  be 0 .9 2 7 ,  0 .8 5 3 ,
0 .8 1 0 ,  and 0 .639  a t  5°C, 25°C, 40 .5°C , and 65°C, r e s p e c t i v e l y .  Such 
v a lu e s  a r e  n o t  u n re a so n a b le  f o r  t h i s  amino a c id .
Thermodynamics o f  S a l t  B ind ing
The s t a n d a r d  m o la l  e n t h a l p i e s  and s ta n d a rd  m o la l  f r e e
e n e r g i e s  o f  s a l t  b in d in g  have been  c a l c u l a t e d  from th e  b in d in g
c o n s t a n t s .  The s t a n d a r d  m o la l  e n tro p y  h as  been c a l c u l a t e d  from AHx
and AG . S ta n d a rd  m o la l  e n th a lp y ,  AH , I n c r e a s e s  w ith  d e c r e a s in g  X X
l e n g t h  o f  th e  N-hydroxy a l k y l  group o f th e  hom opolypep tides  f o r  bo th  
s a l t s .  The s ta n d a r d  m o la l  e n th a lp y  f o r  b in d in g  o f  NaClO^ i s  n e g a t iv e ,  
n e a r  z e r o ,  and p o s i t i v e  f o r  PHBG, PHPG, and PHEG, r e s p e c t i v e l y .  The 
s ta n d a r d  m o la l  e n th a lp y  f o r  b in d in g  o f  CaCl^ has  v a lu e s  o f AHx t h a t
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a r e  sm a l l  and p o s i t i v e  f o r  PHBG (1 -2  k c a l /m o le )  and l a r g e r  p o s i t i v e  
v a l u e s  f o r  PHPG (7 -1 0  k c a l / m o l e ) . The v a lu e s  o f  AS f o r  b in d in g  v a ry  
d i r e c t l y  w i th  AH^. The s ig n  f o r  t h e s e  v a lu e s  i s  th e  same f o r  each  
polym er a s  th o s e  o f  th e  s t a n d a r d  m o la l  e n th a l p y ,  d e s c r ib e d  above.
The v a lu e s  f o r  CaCl^ b in d in g  a r e  n e a r  z e ro  f o r  PHBG and p o s i t i v e  f o r  
CaCl^-PHPG b in d in g  (21-29  c a l  d e g / ro o le ) . The v a lu e s  o f  AG  ^ a r e  l e s s  
v a r i a b l e ,  r a n g in g  from  - 1 .4 9  k c a l /m o le  to  + 1 .8 5  k c a l /m o le  f o r  a l l  
s a l t - p o ly r a e r  s o l u t i o n s .  The l a r g e  v a r i a t i o n s  i n  AH and AS , w hich
X X
com pensate  e ach  o t h e r  p ro d u c in g  a  s m a l l  change i n  AG o v e r  th e  ran g e
X
o f  s a l t s  and p o ly m e rs ,  seem to  be an exam ple o f  th e  e n th a l p y - e n t r o p y
c o m p en sa t io n  phenomenon d e s c r ib e d  by Lumry and R a jen d e r  (1 6 3 ) .  T h is
phenomenon h a s  been n o te d  to  o c c u r  i n  w a te r  s o l u t i o n s  o f  many t y p e s ,
e s p e c i a l l y  i n  w a t e r - p r o t e i n  s o l u t i o n s .  The te m p e r a tu r e  a t  w hich t h i s
phenomenon i s  n o te d  i s  c h a r a c t e r i s t i c a l l y  found betw een 250 and 315°K.
A v e ry  good example o f  t h i s  co m p en sa tio n  i s  th e  d i s s o c i a t i o n  o f  a
homologous s e r i e s  o f  o r g a n ic  a c i d s .  For th e  p a r t  o f  th e  p r o c e s s
w hich  in v o lv e s  s o l v a t i o n ,  t h a t  i s ,  t h e  s e p a r a t i o n  i n  s o l u t i o n  o f  th e  
•f —
c h arg ed  p a i r  H A , t h e  f o l lo w in g  r e l a t i o n s h i p  h a s  been  found :
O
AH. = a  -  T AS. x c x
The te rm  i  i n d i c a t e s  t h e  s p e c i e s  o f  a c id  and a i s  a  c o n s t a n t  u s u a l l y  
t a k e n  t o  be z e r o .  T^ i s  th e  co m p en sa tio n  t e m p e r a tu r e .  T h is  i s  th e  
te m p e r a tu r e  a t  w hich  t h i s  phenonemon o c c u r s .  F u r t h e r  exam ples o f  
t h i s  phenonenon a r e  one p r o to n  l o s s  from s im p le  a l k y l  ammonium 
compounds (1 6 4 ) ,  t h e  th e rm a l  u n fo u n d in g  o f  r i b o n u c l e a s e  and t r y p s i n
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(1 6 3 ) ,  and th e  b in d in g  o f  SCN to  m ethem oglob in  (1 6 5 ) .  In  t h e i r  
r a t h e r  l e n g th y  a r t i c l e  Lumbry and R a je n d e r  (163) d i s c u s s  i n  d e p th  th e  
e n t h a l p y - e n t r o p y  com pensa tion  phenomenon, g iv in g  many exam ples .
F ig u r e  65 i s  a p l o t  of AH v e r s u s  AS a t  5°C f o r  .the  b in d in g  o fX X
NaClO^ to  PHXG. The te rm  i  i n  E q u a t io n  r e p r e s e n t s  th e  d i f f e r e n t  
l e n g t h s  o f  th e  N-hydroxy a l k y l  s i d e  group and th e  v a lu e  o f  a  i s  n e a r  
z e r o .
O O
S in c e  t h e r e  a r e  o n ly  two v a lu e s  o f  AS . and AH . f o r  CaCl„x i  x i  2
b in d in g  a t  5°C, i t  i s  im p o s s ib le  t o  e s t a b l i s h  c o m p en sa tio n ,  how ever, 
when p l o t t e d  in  F ig u r e  65, t h e s e  two p o i n t s  do d e f i n e  a l i n e  n e a r l y  
p a r a l l e l  to  th e  l i n e a r  r e g r e s s i o n  o f  th e  p o i n t s  f o r  NaClO^. The 
v a lu e s  o f  AH , AS , and AG f o r  NaCIO, b in d in g  a t  5°C and 25°C a r e
X  X  X
v e r y  s i m i l a r  to  thermodynamic f u n c t i o n s  f o r  b in d in g  o f  th e  t h i o -  
c y a n a te  a n io n  to  m ethem oglobin  A a t  pH 7 ,0  and 20°C (1 6 5 ) .  I t  i s  
t h e r e f o r e  co n c lu d ed  t h a t  th e  c a l c u l a t e d  therm odynam ic f u n c t i o n s  o f  
t h i s  work a r e  p l a u s i b l e  f o r  th e  sy s tem s  i n v e s t i g a t e d .
Summary
The d a ta  from a l l  t h e  s a l t  b in d in g  w ork done in  t h i s  s tu d y  i s  
i n  e x c e l l e n t  ag reem ent w i th  th e  p r e d i c t i o n s  o f  E q u a t io n  36. T h is  
e q u a t i o n  p r e d i c t s  v a lu e s  o f  l e s s  th a n  1% h e l i x  a t  c o n c e n t r a t i o n s  o f  
C aC ^  a t  w hich  z e ro  h e l i x  was c a l c u l a t e d .  I t  a l s o  p r o v id e s  th e  
f a c t o r  n e c e s s a r y  to  change th e  s lo p e  o f  th e  f r a c t i o n  h e l i x  v e r s u s  
a c t i v i t y  c u rv e s  in  b o th  NaClO^ and C aC ^  b in d in g  to  PHXG. E q u a t io n  36 
i s  an e x p r e s s io n  o f  t h e  w e ll-d o cu m en ted  phenomenon o f  c o o p e r a t i v i t y
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(1 5 1 ,1 5 9 ,1 6 0 )  and can  be  e x p la i n e d  by p r e v i o u s l y  examined l a t t i c e  
m odels  (1 5 9 ) .  The th e o ry  does  n o t  r e q u i r e  b in d in g  o f  th e  s a l t  to  
t h e  c o i l  t o  be c o o p e r a t i v e .  By th e  h e l i x  s u r f a c e  model one i s  a b le  
t o  r a t i o n a l i z e  th e  d i f f e r e n c e  o f  th e  h e l i x  and c o i l  b in d in g  
c o n s t a n t s  and t h e i r  r e l a t i v e  s i z e s .  V a lues  o f  therm odynam ic f u n c t io n s  
v a ry  a c c o rd in g  to  th e  e n th a l p y - e n t r o p y  com p en sa tio n  th e o ry  (163) f o r  
HaClO^ and th e s e  v a l u e s  a r e  s i m i l a r  to  t h e  b in d in g  o f  SCN to  
m ethem oglob in  (1 6 5 ) .  The h e l i x - s u r f a c e  l a t t i c e  model i s  w e l l -  
s u p p o r te d  by th e  work o f  t h i s  d i s s e r t a t i o n .
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Appendix I
A b b re v ia t io n s
Ac(AlaJ^OMe
CD
CTAB
CTAC1
DA
deg
dmol
£h
Kc
*h
ZKh
m
M
ORD
PBG
PHBG
PHEG
PHPG
PHXG
N - a c e ty l - L - a l a n y l - L - a l a n y l - L - a l a n in e - O -  
m ethy l e s t e r
c i r c u l a r  d ic h ro ism
cety ltr im ethy lam m onium  bromide
ce ty ltr im ethy lam m onium  c h lo r id e
dodecylam ine
d eg ree
decim ole
f r a c t i o n  h e l i x
b in d in g  c o n s ta n t  o f  a s a l t  to  a c o i l  r e s id u e
b in d in g  c o n s ta n t  o f  a s a l t  to  a h e l i c a l  
r e s id u e
b in d in g  c o n s ta n t  o f  a s a l t  to  th e  f i r s t  
r e s id u e  i n  a h e l i c a l  sequence
m o l a l i t y
m o la r i ty
o p t i c a l  r o t a t o r y  d i s p e r s i o n  
p o ly - y - b e n z y l -L -g lu ta m a te  
po ly  (N ^-u j-hyd roxybu ty l-L -g lu tam ate )  
p o ly  (N^-to-hydroxye thy  1 -L -g lu ta m a te )  
po ly  (N5-to-hydroxypropy 1 -L -g lu ta m a te )
PHBG, PHEG, o r PHPG
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p o ly (G lu ) p o ly - L - g lu ta m ic  a c id
p o ly (H is ) p o l y - L - h i s t i d i n e
SAS S t a t i s t i c a l  A n a ly s i s  System
SDS sodium d o d ecy l  s u l f a t e
TRIS tr i s (h y d ro x y m e  t h y l ) aminome th a n e
[6] mean r e s i d u e  o p t i c a l  e l l i p t i c i t y
Appendix IT. Typical SAS Proprara Output f o r  E f f e c t s  o f  ii'aClO, on PH PC. a t  40°C•1
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Appendix I I I .  SAS Program P lo t s  o f  CaCl., Data and SAS-generated Curve Data
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VITA
R obert  W illiam  McCord was born  in  D o n a ld s o n v i l l e ,  L o u is ia n a  
i n  1947 and a t t e n d e d  D o n a ld s o n v i l le  High School u n t i l  h i s  g ra d u a t io n  
i n  1965. He a t te n d e d  N ic h o l l s  S t a t e  C o lle g e  i n  Thibodaux, L o u is ia n a  
u n t i l  1969, a t  which tim e  he e n l i s t e d  i n  th e  U.S. Navy f o r  fo u r  
y e a r s .  A f t e r  th e  Navy e n l i s t m e n t ,  he a t te n d e d  th e  U n iv e r s i ty  o f  N orth  
F l o r id a  in  J a c k s o n v i l l e ,  from which he r e c e iv e d  a B.A, i n  N a tu ra l  
S c ie n ce .  In  1974 he began  g ra d u a te  sc h o o l  a t  L o u is ia n a  S t a t e  
U n iv e r s i t y  i n  Baton Rouge. A f t e r  t h r e e  y e a r s  o f  f u l l - t i m e  g ra d u a te  
s tu d y  i n  B io c h e m is t ry ,  he e n te r e d  th e  T u lane  U n iv e r s i ty  School o f  
M edicine i n  New O r le a n s ,  L o u i s ia n a ,  w h i le  c o n t in u in g  as  a  p a r t - t i m e  
g ra d u a te  s tu d e n t  a t  L o u is ia n a  S t a t e  U n iv e r s i ty  i n  Baton Rouge. He was 
m a rr ie d  on August 11 , 1979.
He i s  p r e s e n t l y  a c a n d id a te  f o r  th e  D octo r o f  P h ilo so p h y  d eg ree  
w i th  a B io c h em is try  m ajo r and C hem istry  m inor .
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